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The spectra with which the present paper deals were obtained 
on August 30, 1905, while the writer was a member of the United 
States Naval Observatory eclipse expedition. A special service 
squadron under command of Rear-Admiral Colby M. Chester, 
U.S.N. (then superintendent of the Naval Observatory), carried 
the party and their equipment across the Atlantic. Three sepa- 
rate stations were occupied; one at Guelma in Algeria, the other 
two in Spain. Of the two in Spain, one was located near the edge 
of the shadow-path at Poerti Coeli, the other near the central line of 
totality at the little town of Daroca. A preliminary account of the 
results obtained by the various parties has been published.’ 

The party at Daroca was under the general supervision of Pro- 
fessor W. S. Eichelberger, and the instrumental equipment was as 
follows: Forty-foot horizontal camera under the direction of Mr. 
L. G. Hoxton; time-service and longitude determination under the 
direction of Mr. Everett I. Yowell; various electrical and meteoro- 
logical instruments under the direction of Professor F. H. Bigelow, 
U.S. Weather Bureau; and several spectroscopic instruments 
under the charge of the writer. The above-mentioned and Mr. 
C. P. Olivier were assisted in the erection and adjustment of the 


‘Printed in advance of the Naval Observatory report by permission from the 
Superintendent of the Naval Observatory. 
2 See C. M. Chester, Astrophysical Journal, 23, 128, 1906. 
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various instruments by the chief carpenter, the chief machinist, 
and four sailors from the U.S.S. ‘‘ Minneapolis.”” About six weeks 
were spent in Daroca in preparation. 

On the trip across the Atlantic, the officers and men of the 
‘“‘Minneapolis”’ were interested in the astronomical work by con- 
ferences and lectures. Five days before the day of the eclipse, the 
original party in Daroca was augmented by the arrival of officers 
and men from the ship, to the number of twenty-five. Officers 
were placed in charge of instruments with sailors to assist them. 
Frequent drills were held, and so thoroughly efficient was the service 
that everything passed off on eclipse day without a hitch. 

As determined by Mr. Yowell, the position of Daroca was: 
longitude=o's5™40%31 W.; latitude=41°6’29’4. For the determi- 
nation of longitude, time signals were exchanged with the observa- 
tory of Madrid, a telegraph line being run to the eclipse camp, 
and the efficient services of the operator at Daroca, Sefior Garcia, 
being freely put at the disposal of the eclipse observers. 

The eclipses of 1900 and 1901 showed the efficiency of gratings, 
both plane and concave, for spectroscopic work. There are many 
advantages of gratings over prisms, chief of which may be men- 
tioned (1) normal spectrum, (2) increased dispersion. For eclipse 
work, a slit is unnecessary, and used as an objective instrument, 
the amount of the astigmatism is a negligible quantity. 

The spectrographic equipment consisted of five instruments, 
three of small dispersion and two of larger dispersion. The present 
paper will deal only with the large instruments. One of these was © 
a plane grating, the other a concave grating. 


PARABOLIC GRATING 


This grating belongs to the Rumford Committee and was 
kindly loaned by Professor F. A. Saunders of Syracuse University. 
Instead of being ruled on a spherical concave surface, it was ruled 
on a parabolic surface. The grating was four inches in diameter, 
and had 14,438 lines to the inch. According to Mr. L. E. Jewell, 
its spectra were as brilliant as ordinarily obtained from a 6-inch 
grating, and its definition was equal to any Rowland grating he 
had ever seen. 
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The mounting of the grating was exceedingly simple. Light 
from the coelostat mirror was reflected horizontally to the grating 
and from there reflected and brought to a focus on the photographic 
plate. Grating and photographic plate were inclosed in a light- 
tight mahogany box. Exposures were made by a convenient flap 
shutter placed in the beam of light from the coelostat. If the 
photographic plate is perpendicular to the grating normal (and, 
consequently, parallel to the grating), the spectrum is normal. 

The grating had a focal length of 5 feet (150 cm), corresponding 
to 10-foot radius of curvature in a concave grating. For focus, 
it was necessary to bend the plates to a radius of 2} feet (75 cm). 
It was, therefore, manifestly impossible to use glass plates, and the 
emulsion was coated on heavy gelatine films which were 1} X12 
inches (330 cm). Two plate-holders were used each holding six 
parallel strips. By repeated practice, it was possible in a fraction 
of a second to drop the plate-holder from one film to the next. 

This instrument was focused by a collimator arranged by Mr. 
Jewell for the 1go1 eclipse, and slightly altered as the result of 
experience gained in Sumatra. This collimator consisted essen- 
tially of two concave mirrors and a slit, so that by its means a 
parallel beam of light could be obtained from a slit-source. The 
collimator was first focused by a 5-inch visual telescope. 


PLANE GRATING 


To supplement the work of the parabolic grating, and particu- 
larly to gain information about the red end of the spectrum, a flat 
grating was used. This was a Rowland 6-inch grating belonging 
to the Naval Observatory. It had 15,000 lines per inch, with ruled 
lines 33 inches long. This grating was used by the writer in 
Sumatra in rg01. The definition was excellent. 

Light from the coelostat mirror was reflected horizontally and 
fell on the grating. After reflection, the light was brought to a 
focus on the photographic plate by a Clark 5-inch visual lens of 
72 (184 cm) inches focus. Grating, lens, and plate were inclosed in 
a light-tight mahogany box, and exposures were made, as with the 
parabolic grating, by a flap shutter. The spectra were brought to 
a focus almost in a plane, and it was therefore possible to use glass 
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plates, which were 13X12 inches (4X30cm). Six plates were 
placed in parallel strips in each of two plate-holders. As with the 
parabolic grating, if grating and plate are each perpendicular to 
the line joining them, the spectrum is normal. Each of the boxes 
holding plane and parabolic gratings was inclined to the vertical in 
order to bring the line joining the sun’s cusps approximately per- 
pendicular to the length of the plate. As Daroca was not exactly 
on the central line of totality, a compromise was made for the 
positions at second and third contacts. 


METHODS OF OBSERVING 


Eclipse day, August 30, opened very auspiciously. First con- 
tact was observed under clear skies, but soon after, clouds had 
gathered. Five minutes before second contact, a large cloud 
obscured the sun, but it passed off before totality, and an uninter- 
rupted view of the total phase was obtained. The citizens of 
Daroca gathered in great numbers, as closely as they could come 
to the eclipse camp. During the progress of the partial phase, 
each Spaniard present seemed bent on telling to his neighbor in 
a loud tone of voice the full details of what he knew about the 
subject. The noise of their conversation increased with the prog- 
ress of the eclipse, and totality was greeted with such a shout that 
it was impossible to hear the counted seconds which should serve 
as guides to the exposures. 

The plan had been for the writer to observe the disappearing 
crescent of the sun through a binocular, over one-half of which was 
arranged a plane mirror and plane grating combination, adjusted 
in such a way that with one eye through the binocular the crescent 
sun could be seen, with the other, its spectrum in the green 
region. This worked perfectly, and the word ‘‘Go” from him gave 
notice to the person counting seconds to restart his count. Two 
unlooked-for features were encountered: one being that the conver- 
sation of the Spaniards was rather loud, the second that the total 
phase occurred some ten seconds or more before it was expected. 

It was planned to catch the ‘flash spectrum”’ with both instru- 
ments at the beginning and end of totality, to give two short ex- 
posures just before the first flash and, just after the second flash, one 
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long exposure at mid-totality, and others of varying length between. 
As above stated, each instrument had twelve plates. The pro- 
gram for each instrument was carried out practically as arranged. 


THE DETERMINATION OF FOCUS 


1. Parabolic grating. —This instrument was in the capable hands 
of Lieutenant Alfred G. Howe, U.S.N., who was assisted by two 
sailors from the “ Minneapolis.”” Mr. Howe opened the shutter 
and made the exposures, one of the sailors shifted the plate-holder 
between exposures. the other sailor was stationed near the coelostat 
for the purpose of rendering assistance if any emergency arose. 
His help was not needed. The writer wishes to express to Mr. 
Howe his deep gratitude for the thoroughly efficient manner in 
which he handled the instrument. 

This instrument was focused three days before the eclipse by 
the writer with the use of the collimator. It was, of course, 
possible to focus only in the visible region, a fluorescent eyepiece 
not being on hand. It was felt that the seasoned mahogany box, 
which held grating and photographical plate, could be fairly relied 
upon not to warp in the interval. In addition, the collimator was 
needed at the other Spanish station to focus its grating. No 
attempt was made to focus on stars, and it was felt to be unwise 
to leave the important operation of obtaining focus to the few 
hurried minutes just before totality while the cusps of the sun could 
be seen. The accuracy of focus will be seen from the photographs 
which are herewith reproduced. The flash spectrum is shown 
from A 3300 to the D, line of helium. The focus at the violet end 
is hardly as sharp as it is from A 4000 to the redend. The accuracy 
of the wave-length determinations speak louder than can any words 
concerning the sharpness of the spectra. 

2. Plane grating.—On eclipse day, this instrument was handled 
by the writer with the help of two sailors who assisted as did the 
others for the parabolic instrument. An unfortunate accident 
occurred on the morning of the eclipse. The chief carpenter was 
requested to make two wooden braces to prop up the box and 
incline it at the proper angle to the vertical. (From the position 
of the box, it was more convenient to adjust for focus with the box 
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horizontal.) Through a misunderstanding, the carpenter nailed 
the braces to the box in the absence of the writer with the result 
that the focus was disturbed. Fortunately, however, the parts of 
the spectra in best focus are the red ends, though the focus is not 
as good as for the parabolic grating. Nevertheless the spectra 
were well measurable at this end and these are used to supplement 
the parabolic grating measures. On one of the spectra with the 
flat grating, the C-line ( \ 6563) is seen. 


SPECTRA 


The photographs were developed in the dark room of the College 
of Daroca where running water was obtained. The writer wishes 
to express his thanks to Padre Felix Alvirez, the president of the 
college, for his many kindnesses. As the running water became 
rather warm in the daytime, it was necessary to develop at night. 
At 5:00 o’clock on the morning following the eclipse, the spectra 
were hung up to dry. 

As above stated, the films for the parabolic grating were coated 
on heavy celluloid; for the flat grating, on glass. Lumiére Panchro- 
matic C was the emulsion used for the six films in the first plate- 
holder at beginning of totality, while Seed’s Orthochromatic was 
used in the second plate-holder. For the plane grating instrument, 
Lumiére Panchromatic C and Cramer Trichromatic were used in 
the two plate-holders respectively. 

Results showed that the Lumiére emulsion did not give the 
sensitiveness that had been expected from tests made before leaving 
home, so that the second plate-holder for each instrument gives 
more detail than the first in each case. 

As the present paper is for the purpose of giving for the flash 
spectrum wave-lengths, intensities, etc., with as great an accuracy 
as possible, only one photograph with each instrument was 
measured. Those selected were the flash spectrum for each instru- 
ment at the end of totality. A future paper will deal with the 
spectra of chromosphere, corona, etc., which are given by the 
remainder of the plates. 

The distinguishing features of the present spectra are (1) their 
good definition, (2) their norma] dispersion, and (3) their extent, 
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from \ 3300 to D, for parabolic grating, and to \ 6200 for plane 
grating. The flash spectrum from the parabolic grating is shown 
in PlateXIV,a. In order to reproduce it on nearly the original scale 
much of the ultra-violet is omitted. This is reproduced as a posi- 
tive when the lines are bright. For a more ready comparison with 
Rowland, the enlargements are negatives. It will be noticed at 
once from original and from enlargements that the continuous 
spectrum at the middle of the arcs was quite strong. Running 
down the center of this continuous spectrum is a small strip where 
the continuous spectrum is not so strong. This may be best seen 
in the green and orange regions. On the enlargements, particularly 
at the violet end, may be seen several parallel strips of continuous 
spectrum, one of considerable strength running through a promi- 
nence near the top, and several fainter strips through prominences 
below the center. Interesting differences will be noted by com- 
paring the shapes of the various lines. The stronger lines like H 
and K and the hydrogen series show many protuberances. Chief 
among these may be mentioned a large prominence at the top of 
the photograph. H and K show a large prominence which was in 
violent motion and which was at such a high level that it is shown 
by none of the other lines. 

On the original, most of the strong lines show a fine reversal at 
their centers. 

MEASUREMENT OF SPECTRA 

The spectrum obtained by means of the parabolic grating 
extends from A 3318 to D,, a distance of 9.5 inches (23.5 cm). 
From H to D, the distance is almost exactly 7 inches (17.78 cm). 
The dispersion is 1 mm=10.8 angstroms, about equal to the 
three-prism dispersion near H,, of the Mills spectrograph of the 
Lick Observatory, or the Bruce spectrograph of the Yerkes Observa- 
tory. The dispersion with the flat grating is a trifle greater, and 
amounts to 9.1 angstroms per millimeter. 

All measures were made by the writer at Columbia University. 
Most of the measures were made by the Repsold engine which has 
been extensively used at Columbia for the measurement of Ruther- 
furd photographs. A brass frame was made to carry the spectra. 
The measures consisted essentially in comparing the lines of the 
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spectra with a millimeter scale. All errors of the engine, such as 
division errors of the scale, errors of the micrometer screw, etc., 
have been most thoroughly investigated. About 10 per cent of the 
measures were made with the Gaertner machine for measuring 
stellar spectrograms, a machine similar to the ones used at Yerkes 
Observatory, and of which the important part is a long screw of 
half-millimeter pitch. Each measure consisted of the mean of 
two settings. Each spectrum was separately measured twice. 
Most of the parabolic grating spectrum was measured three times, 
considerable of it was measured four times, and some small regions 
were even measured five times. 

The spectra being taken without slit, the lines instead of being 
straight were crescents, each crescent being a monochromatic image 
of the chromosphere. Manifestly, erroneous values of wave-lengths 
would be obtained if the micrometer wire when measuring was made 
to bisect each line of the spectrum. The chromosphere extends 
to different heights for different lines above the level defined by 
the edge of the moon projected on the sun. Exposures for the 
second flash were begun eight to ten seconds before the end of 
totality and continued to the end of totality. The flash spectrum 
is therefore not an instantaneous exposure, but a progressive one. 
Since the arcs of great elevation like H and K appeared, for the 
second flash, before those of lower elevation, the base of these arcs 
may be displaced a slight amount relative to the small low-lying 
arcs. In addition, for the strong heavy lines like H and K, there is 
a spreading-out of the photographic image due to irradiation caused 
by their relatively long exposure. Because of a realization of the 
above facts as the result of experience gained from similar spectra 
made in Sumatra for the eclipse of 1901, an attempt was made not 
to bisect each line, but rather to place the micrometer wire tangent 
to the spectral arcs on their concave side, which corresponds to the 
limb of the moon. With the more intense lines of the spectrum, 
an attempt was made to set the micrometer wire at a slight elevation 
above the limb of the moon, which, for the photographs measured, 
was toward the violet end. What success was obtained in this 
attempt at measurement may be seen by comparing the wave- 
lengths of the chromosphere with Rowland’s values. For all lines 
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of the chromospheric spectrum taken with parabolic grating. having 
an intensity less than 25 on the assumed scale, the difference from 
Rowland averages but 0.02 angstrom, which corresponds to an 
error of measurement of 0.002 mm. For lines with intensities 
greater than 25, for the reasons just specified, there are greater 
differences. Usually for the intense lines, the chromospheric wave- 
length is too great. The reason for this is assumed to be simply 
an error in judgment in setting the measuring wire, not enough 
allowance having been made for the spreading of the heavy lines 
of the spectrum. 

At second flash, the chromospheric light shone through a low- 
lying plane on the moon’s edge. This plane had a sharp termination 
at one end and a gradual elevation toward the other. The result 
of this was that the short chromospheric arcs are sharply termi- 
nated at one end and gradually dwindle off toward the other. (The 
meaning of this will be more evident by reference to the photo- 
graphs.) Advantage of this was taken in the measurements. This 
sharp termination of the arcs occurred exactly in their middle, as 
may be seen by looking at the longér arcs. At this sharp edge, the 
arcs were exactly perpendicular to the length of the spectrum, and 
consequently all measures for wave-lengths were made by setting 
the micrometer wire at this sharp termination of the arcs. Unfor- 
tunately, for the measurer, the continuous spectrum was rather 
strong throughout the spectrum and it became necessary to use a 
strong illumination. (The writer felt great hesitancy about using 
any chemicals to reduce the continuous spectrum, and he desired 
to measure the original spectra rather than copies.) This strong 
illumination tired the eyes rather quickly, and finally incapacitated 
the eyes for some time, thereby delaying the measurements. 

The computing bureau of Columbia University, consisting then 
of Miss Flora E. Harpham, Miss Eudora Magill, and Miss Helen 
Lee Davis, assisted by recording and making the reductions to 
wave-lengths. 

DETERMINATION OF WAVE-LENGTHS 


Theoretically, both plane and parabolic grating spectra of the 
chromosphere are normal. Practically, they are not quite normal 
for the reason that the end of the plate-holder would have cut off 
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some of the incident light if adjusted to give the normal spectrum. 
The difference in scale at the two ends of the parabolic spectrum 
amounted to about one-half of 1 per cent. Consequently, for 
first approximations to wave-lengths, a constant scale-value was 
assumed; and setting this value up on a multiplying machine, we 
were able to obtain wave-lengths with the greatest ease. 

During the measurement, it was found that the celluloid film 
of the parabolic spectrum was very sensitive to changes in tempera- 
ture, the result being that it became necessary to reduce the lines 
measured at each sitting separately by themselves. 

After obtaining approximate wave-lengths, it was necessary 
to reduce them to some consistent standard. It was felt that at 
the present status of the system of wave-lengths it was most ad- 
vantageous to use Rowland’s values. Consequently, comparisons 
were made with each and every well determined line in the chromo- 
sphere which corresponded to a siwgle line, not a blend, in Rowland. 
These comparisons for a limited region of measures made at one 
sitting gave differences which were nearly constant. 

The next step in the determination of wave-lengths was an 
accurate adjustment to Rowland’s values. This was done by the 
well known method of Professor Carl Runge of the University of 
Géttingen, who, while these reductions were carried on, was Kaiser 
Wilhelm exchange professor at Columbia University. As each 
region considered was a comparatively small portion of the spec- 
trum, the method consisted essentially in plotting the differences 
Mitchell— Rowland and passing a straight line through them. 
Instead of plotting their differences, the method was to use least 
squares to determine two constants corresponding to the intercept 
on the Y-axis and the slope of the tangent. Ordinarily from 
twenty to forty lines in Rowland could be used as standards. 
Generally at each sitting a few lines measured at the preceding 
sitting were remeasured. 

Thus piece by piece the measures were reduced to Rowland’s 
scale. Since wave-lengths from the measures at each sitting were 
reduced separately, the final wave-lengths as given in Table I are 
the means of the three or four separate measurements. Also, since 
each measurement was carried on absolutely independently of all 
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others with the spectra set at different readings of the scale, it 
is felt that the systematic differences from Rowland, if existing at 
all, are exceedingly small. For all lines with intensities less than 
25, the differences Mitchell— Rowland taken without regard to sign 
averages almost exactly 0.02 angstrom. Taking account of signs, 
the average difference is excessively small, showing nothing syste- 
matic, except perhaps in some few limited regions. 

The differences between chromosphere and Rowland are the 
result of several causes: First, fundamental differences depending 
on the distribution of the vapor in the chromosphere. As stated 
above, there are believed to be no such fundamental differences of 
wave-length of appreciable size other than those caused by errors 
in judgment in knowing where to set the micrometer wire for the 
more intense lines. The second cause for the difference Mitchell — 
Rowland results from the uncertainty in knowing what wave-length 
to assume for Rowland for the blended lines. As will be shown later, 
there are enormous differences in intensities between the Fraunhofer 
spectrum and the chromospheric spectrum. Manifestly, on account 
of these differences in intensity, wrong values of wave-lengths 
would be obtained either by taking an average of the wave-length 
of the different lines blended, or by weighting them according to 
their intensities. But what wave-lengths are to be assumed for 
blended lines? This dilemma is well known to all investigators 
of stellar spectra. The only logical way for the writer to do was 
to adopt a rule and stick to it rigidly, and not try to manufacture 
a wave-length for each Rowland blended line considered. This 
rule was the one used by most spectroscopists, viz., to weight the 
lines according to their intensities in Rowland. If necessary to 
combine with a line o on Rowland’s scale, this line should have 
weight 1, and 1 should be added to the intensities of each of the 
other lines. The third cause of discrepancy between Mitchell and 
Rowland was, of course, errors of measurement, both in Mitchell 
and Rowland. The writer sent a glass positive made from a 
contact print to Mr. John Evershed, and in Kodaikanal Bulletin 
No. 27 he estimates the average difference between Mitchell and 
Rowland for well defined single lines in Rowland to be o.o1 
angstrom (corresponding to 0.001 mm error of measurement). 
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INTENSITIES 


The most characteristic difference between the chromospheric 
and the Fraunhofer spectra is in the intensities. The system of 
intensities for the chromospheric spectrum is purely an arbitrary 
one, in which roo represents the strongest lines like K and H,, and 
o that of the weakest line. Naturally the intensities depend on the 
plate used, but allowance was partially made for the decrease in 
sensitiveness of the plate in the green and yellow regions. In esti- 
mating intensities, one is unconsciously influenced by the breadth 
of the lines, so that the values for intensity give a somewhat com- 
bined estimate of the blackness and breadth of a certain line. 
These at best are but estimates, but they are perhaps comparable 
in accuracy with estimates of intensities by others. 

The reason for this characteristic difference in intensity is evident 
on a moment’s reflection. Let us consider two different elements in 
the sun’s envelope; one of these elements is low in density and ex- 
tends high in miles above the sun’s photosphere; the other is heavier 
and its molecules are contained in a shallower layer about the sun. 
It is easy to imagine that the absorption by the molecules of the two 
gases traversed by a beam from the sun might be the same, so that 
the two gases would give lines of equal intensity in the Fraunhofer 
spectrum. At the time of an eclipse, the exposure is a progressive 
one. The moon gradually passes before the sun, with the result 
that the exposure on the low-lying vapor is relatively very short 
compared with the other assumed vapor of greater elevation. 
And hence, it is readily seen that though the two gases may give 
lines of equal intensity in their absorption spectra, they will not 
do so in their emission spectra; the low-lying heavy vapor will 
give in the chromosphere short arcs of feeble intensity while the 
other assumed vapor will give longer arcs of greater intensity. 
Though there are other contributing causes, the main factor for 
the differences in intensity between the dark- and bright-line spectra 
of the sun is the heights to which the vapors extend. H and K 
and the hydrogen lines are the strongest in the chroraosphere 
mainly for the reason that calcium and hydrogen extend higher 
than any other elements. 
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In fact, there are such enormous differences in the two spectra 
that placed side by side, as they are in Plates XIV, b, the spectra 
seem to belong to stars of two different types, the chromospheric 
spectrum apparently being of an earlier type than the Fraunhofer 
spectrum. 

In addition to the differences between lines of different elements 
which depend mainly on elevations, there are enormous differences 
among the lines of any one element in the two spectra. Generally, 
the stronger lines in the dark-line spectrum give the stronger 
lines in the chromospheric spectrum, but not always so. Almost 
without exception the enhanced lines, or those stronger in the spark 
than in the arc, give stronger lines in the chromosphere, the differ- 
ences being generally quite marked. Leaving out of consideration 
the enhanced lines, one cannot predict from the intensity of a 
given line in Rowland’s tables what the intensity of the line will 
be in the chromospheric spectrum. In short, in the two spectra, 
we are dealing with spectra taken under different electrical, thermal, 
and pressure conditions, and it is but natural to expect as a result 
that there will be vast differences in intensities. 

The chief differences for the stronger lines are found in the 
elements helium and hydrogen. As is well known, no helium 
absorption lines are found in the sun. The whole hydrogen series 
is found in the chromosphere. Perhaps one of the most striking 
differences between the intensities of lines in the two spectra (which 
at the same time will illustrate the difficulty experienced in finding 
the wave-lengths of blended lines), will be seen by referring in Table I 
to a line in the chromosphere measured at 3709.50. In Row- 
land’s tables is a line at > 3709. 389 belonging to Fe with an inten- 
sity 8. With chromospheric spectra of less accuracy than the 
present, one would naturally identify the chromospheric line at 
3709.50 as a Fe-line, especially since this Fe-line has an intensity 
in Rowland of 8. But for the present spectrum, the discrepancy in 
wave-lengths is too great. The next line in Rowland’s tables is an 
unidentified line at 3709.540 with an intensity oN. Reference to 
Exner and Haschek’s tables shows that this latter line is due 
both to Zrand V. In the arc, the lines of both elements are absent; 
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in the spark the intensity for Zr is 15, for V is 3. Although this 
line does not appear in Lockyer’s list of enhanced lines, the inten- 
sities from Exner and Haschek show that both Zrand V areenhanced. 
Consequently, it is seen that the chromospheric line at 3709.50 
more nearly corresponds to the weak line at 3709. 540 than to the 
much stronger Fe-line at 3709.389. But what wave-length is to 
be assumed for the blended value of these two lines from Rowland ? 
Manifestly an entirely erroneous value will be obtained if, accord- 
ing to the rule adopted (and given above), the Fe-line is given 
a weight of 9, the other of 1. To show the writer’s inability to 
evaluate the blended line, both wave-lengths are given. 


IDENTIFICATION OF LINES 


The greatest possible care was exercised in an attempt to identify 
as many lines as possible of the chromosphere spectrum. While 
determining wave-lengths, it was necessary to make a close com- 
parison with Rowland’s Table of Solar Spectrum Wave-Lengths. 
To make the identification more complete and to gain information 
regarding the relative strength in arc and spark spectra, it became 
necessary to look up practically every table of metallic spectra 
that had ever been published. During the earlier part of this 
branch of the present work, the first edition only of Exner and 
Haschek’s tables was published. To go beyond the limit of their 
wave-lengths (A 4600), it became necessary to consult Kayser’s 
Handbuch der Spectroscopie, Vol. 5 (the sixth volume being still in 
press), and original sources whenever available. Fortunately, before 
this part of the work was finished, the 1912 edition of Exner and 
Haschek’s tables appeared, as well as the sixth volume of Kayser. 

The method adopted was to take out from the above sources 
all lines of all metallic spectra which would have a line approxi- 
mately close to the chromospheric line under investigation, putting 
down on paper at the same time the intensities in both arc and 
spark. This work naturally consumed a great amount of time. 
Upon the arrival of the later edition of Exner and Haschek’s tables, 
a recomparison was made of those elements whose values were 
different in the two editions. The writer wishes here to express his 
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appreciation of these splendid volumes. For the purpose in hand, 
they left almost nothing to be desired. In order to make the 
present work more uniform, the values of intensities of arc and 
spark of Exner and Haschek have been adopted throughout. 

After having tabulated the intensities of arc and spark from all 
available sources, it was necessary to choose from these the one or 
more arc and spark lines which appeared to agree with the lines of 
the chromosphere. This was a comparatively simple matter on 
account of the accuracy of wave-lengchs of lines of the chromo- 
sphere, experience telling which of the possible identifications was 
the probable one. 

In this part of the work many differences were found from the 
identification given in Rowland’s tables, differences expected from 
the reasons that the present work deals with the chromospheric 
spectrum and not with the ordinary solar spectrum, and also from 
the fact that in the quarter-century since Rowland’s work was 
completed, much has been learned concerning the spectra of the 
metals. Where Rowland has given identifications, they were in 
most cases found correct. 

In Table I, in the column headed “Substance” is given the 
writer’s opinion regarding the identification of the sources of lines 
in the chromosphere. Following the plan given in Rowland’s 
tables, the sources are arranged in the order of their importance. If 
a hyphen is given, the first is the important source. If a comma 
is printed between the two elements, each substance has an equal 
value in fixing the source of the chromosphere line. 

This close comparison with the spectra of the elements made the 
identification of lines rather certain. But Rowland’s tables were 
made from spectra having a dispersion of approximately ten times 
the dispersion of the chromospheric spectrum (21-foot radius in 
the second order compared with 5-foot focus in first order, the 
gratings having nearly the same number of lines per inch). Natu- 
rally, lines which appear single in the chromospheric spectrum may 
be a blend of two or more lines with the greater dispersion. But 
lines which appear as a close pair or a blend in the chromosphere 
must be the result of the blend of corresponding lines in Rowland. 
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On account of the great differences in intensity of the chromospheric 
and Rowland spectra, it was difficult to be always sure of identi- 
fications until photographs were compared side by side. The 
original photograph of the flash spectrum was enlarged six times. 
Rowland’s great atlas was reduced five times. Since the flash 
spectrum was nearly normal, it was possible to procure both 
spectra on a close approximation to scale. On Plate XIV, d are the 
two spectra printed side by side. This comparison of spectra will 
perhaps speak more strongly than any words or comparison of 
wave-lengths concerning the sharpness of the original spectrum 
of the chromosphere. On account of the small variations from the 
normal spectrum (noted above) it was impossible to obtain an 
exact match in scale. Those who are interested sufficiently will 
carry the comparison along line for line. 

The photographs of chromospheric and solar spectra side by side 
were of the very greatest service in decisions on the relative impor- 
tance of the sources of the lines of the flash spectrum. Perhaps 
of the greatest value was the information gained concerning the 
appearance of the lines in Rowland under the identical dispersion 
as obtained in the chromospheric spectrum, and from this it was 
possible to decide rather positively what lines in Rowland become 
blended under the smaller dispersion. In Table I, under “‘Inten- 
sities, Rowland,” is given in parentheses the number of lines which 
are blended in Rowland’s tables, the value of the intensity being 
naturally the total or combined intensity. 

Under “Enhanced Lines,”’ p. 487, will be found further details 
concerning intensities. 

A leave of absence from Columbia University permitted the 
writer to be at the Yerkes Observatory during 1912-1913. While 
he was there, most of the identifications, etc., were carried out, and 
the photographic reproductions were made. 


HEIGHTS OF CHROMOSPHERE 


These slitless spectra give a ready means of determining the 
heights to which the vapors forming the chromosphere extend 
above the photosphere by measurement of the length of the 
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chromospheric arcs. For the values herewith given, the sun’s 
semi-diameter was assumed to be 15’50”7, the augmented semi- 
diameter of the moon, 16’35”7. From these semi-diameters were 
calculated the heights corresponding to various half-lengths of 
arcs, and a table was constructed (which it is not necessary to 
print). A protractor was made on glass with a radius equal to 
that of the chromospheric arcs on the enlarged spectra above 
referred to. ‘To obtain the length of the arcs, it was necessary only 
to lay the glass protractor on an enlarged print of the chromosphere 
and read off degrees from the protractor. The small table gave 
the corresponding height in kilometers. 

The sharp termination of the chromospheric arcs referred to on 
p- 415 is very near to the middle of the longer arcs. It was assumed 
that this termination was at the middle of the arcs, and the half- 
lengths of the shorter arcs were accordingly measured. For the 
longer arcs, their whole lengths were measured. 

In Table I, there is given in the first column the height, in 
kilometers, to which the chromospheric vapors extend. In the 
second and third columns are given the wave-lengths of the chromo- 
sphere and of Rowland (rounded off to two decimals). In the four 
last columns are given intensities, those in the two last columns 
being the values from Exner and Haschek’s tables. Since Lock- 
yer’s tables of enhanced lines play an important réle in spectro- 
scopic work, a letter ‘““L”’ in the “spark’’ column signifies that the 
line is an enhanced line according to Lockyer. In some cases, 
where Lockyer’s intensities seemed more reliable than Exner and 
Haschek’s, the estimates of intensity from the former are given. 
In order to save space in printing, the intensities of the various 
elements, where more than one form a line, are given in a hori- 
zontal line instead of a separate line for each element, as is usually 
the case in similar tables. The intensities are naturally given in 
the same order as in the column ‘ Substance.” 

On the red side of D;, wave-lengths depend on the plane 
grating spectrum only. On account of the poorer definition (see 
above), wave-lengths are given only to tenths of an angstrom 
instead of to hundredths. 
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TABLE I 
| Wave-Lenctus INTENSITIES 

| SUBSTANCE | 

SPHERE Rowland | | Rowland | Arce | Spark 

km 

4oo....{/ 3318.16 | 3318.16 Ti 6 2 3 5 

300. .../| 3320.42 | 3320.39 Ni 7 ° 8 

400....|| 3321.84 | 3321.84 Ti 4 2 2 5 

600. ...|| 3323.03 | 3323.06 Ti 5 5 5 | 10 + 
350....|| 3323.88 | 3323.88 | Fe o ° 2 I 

400. ...|| 3324.19 3324.20 4N I I 

o....|| 3326.87 | 3326.91 i 5 2 3 

.++|| 3328.19 | 3328.2 Y-Cr 4 1d 20-1 30-3 
400....|| 3328.99 | 3329.00 Fe 3 | I 2 I 

600... ./| 3320.57 | 3320.57 Ti-Co 5 5 6-3 10- 

§00....|| 3332.25 | 3332.24 Ti a4 = 3 8 

600... 3335-34 | 3335-32 | Ti | 5 | 10 

00....|| 3336.09 | 3337.03 Cr 4 

on .| 3337-51 | 3337-48 _La-Er-Co (?) 2 ° 8-3-3 15-3-1 

350....|| 3337-99 | 3337-908 V-Ti 2 | © 8-3 

3339-26 | 3339.27 | Fe-Ni (7)3 | od 

500.... | 3339.89 | 3339-03 | Cr-Co 3 | 3 24 | 102 

600....|| 3340.48 | 3340.48 Ti ()5 | 3 | 6 

9OO....|| 3341-99 | 3342.01 | Ti (?)8 8 4 | Io 

500....|| 3342.77 | 3342.72 | Cr 3 2 2 | 10 

300..../| 3343.50 | 3343.48 Se fore) ° I 3 

§00....|) 3343.86 | 3343.91 | = Ti 4 2 3 5 

300....|| 3344-64 | 3344.66 | La 2 ° 8 8 

300....|| 3344-95 | 3344.02) Zr ° ° 3 4 

§00....|| 3346.88 | 3346.88 | Ti-Cr (7) 5 2 3-3 5-1 

500... .|| 3348.00 | 3348.02 | Cr-Fe (7) 6 2 2- 6- 

750... 3349-35 3349.17 Ti (7) 5 4 3 8 
1000... .|||3340.54 |13349.58 Ti-Cr (7) 9 10 8-1 10-2 

§00....|/ 3353-90 | 3353.88 Sc | 4 3 20 20 

300. ...|/[3354.47 |[3354.52 | Co, Zr 3 ° 5,2 4,3 

300... .| 13354.79 |\3354.78 | 3 8 3 
350....|| 3355-37 | 3355-30 | Fe 4 ° 2 I 
350....|| 3356.22 | 3356.23 | Zr I I 4 4 

400....|/ 3357-50 | 3357-45 | Zr,Cr | (7) 3 2 4,4 

400. . 3358.63 | 3358.65 Cr 4 3 2 10 

00... .|||3360.50 ||3360.4 r | I 

| 35 | 3361.35 | Ti-Sc (?) Io 8 10-10 
| ns | 33 

00....| 3366.34 | 3366.31 | Ti, 

. | 3306.96 | 3366.97 | Ni-Fe (*) 6 2d? 3-1 2-1 

450....|| 3367.74 | 3367.75 | - | ° 

600....|| 3368.20 | 3368.19 | Cr-Er | sd? 5 3-8 20-4 

400...) 3369.05 3369 08 | 3d 

| $0 Ti-Ni | ()7 4d? 10-6 2-3 
1000. . | 3372.98 | 3372-95 | Ti-Er () to 12 4-20 20-10 
300. . 3374-77 | 3374 Zr-Ni | (?)3 I 3-5 5-3 

ee || 3378.45 | 3378.48 | Cr-Zr | 3 I I-I 5-3 

400 3379-49 | 3379-51 | CrSce | | 2 2 I-1 3- 
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TABLE I-—Continued 
Wave-LencrTus INTENSITIES 
Spun | Gphere | Rowland | Rowland | Chromo- Arc Spark 
km 
500.... | 3379.98 | 3379.96 Cr | 3 3 I 5 
600.... || 3380.41 | 3380.42 Ti | ()6 3 5 8 
300. 3380.85 | 3380.86 Ni, Sr |(?) 11 oN | 13,20 8, 30 
600. . 3382.83 | 3382.82 Cr | 4 4 2 10 
75° 3383.98 | 3383.05 Ti | 3 | 8 3 20 
350....,, 3385.21 | 3385.20 | Co-Er (3) 5 ° 4-10 3-8 
400....|| 3387.53 | 3387.55 Fe | 2 I I I 
600. | 3388.04 | 3387.09 | Ti-Zr | sd? | 6 5-3 10-5 
350. . 3391-55 | 3391.58 Cr | 2 I 2 5 
400. 3392.12 | 3392.11 Zr-Er | 2 2 10-4 20-5 
350. . 3392-74 | 3392.78 Fe-V ()3 | 5-1 2-4 
350.. 3393-33 | 3393.20, Zr I o | 3 4 
500. 3393-94 | 3303.98 Cr 2 I | 1 4 
600. 3394-71 | 3304.72 Ti (?) 6 5 4 10 
350. . 3395.50 | 3395.52 Co () 5 o | 8 5 
300... 3390.50 | 3390.52 Zr ° ° I 3 
400. . 3399-35 | 3309-38 | Fe,Zr | 2 oN | 5,3 2,4 
350. 3401.35 | 3401.31 Ni | I ° 3 I 
500. 3402.54 | 3402.55 Ti,Cr | 3 2N a 4,4 
600. . 3403.49 | 3403.46 Cr-Ni | (3) 6 4 3- I5- 
300. 3494.43 | 3404.46 Fe (7) 5 I 5 2 
300. 3404.92 | 3404.92 Zr <, I | 3 6 
300.... | 3406.92 | 3406.94 + Fe-V sd? | ° | 4-2 I-I 
300. 3407.34 | 3407-34; Ti | 2 o | 1 2 
300....|| 3407.05 | 3407.64 Fe-Gd | ° | 10-5 4-5 
600. . 3408.94 | 3408.91 Cr | 3 5 3 20 
350. 3409.92 | 3409.95 | Ti 2 2 I 3 
$50....] 3410.36 | 3410.34 Zr-Fe | 3 I | 41 8-1 
300.. g| 3412.60 | 3412.61 | Co ()9 ° 20 7 
300.. #///3416.02 | ....... ° | 
O00. . 3) (3421.37 | 3421.35 Cr 4 | 4 3 10 
6oo.. “|| 3422.84 | 3422.85 | Cr-Fe-Ce| (*) 7 5 | 3-3-3 20-2-2 
300... 3423.85 | 3423.85 Ni 7 | © 10 5 
300....|| 3424.40 | 3424.43 Fe 4 | © 4 2 
300. ...)) 3425.13 | 3425.15 Fe 4 | ° 2 I 
300....|| 3425.66 | 3425.72 - 2 ° 
300..../| 3426.46 | 3426.50 Fe (?) 6 ° 3 I 
500....|| 3430.70 | 3430.67 Zr I 3 4 10 
400....|| 3431.72 | 3431.72 | Co,Zr 4 o 4,3 
450....| 3432.56 | 3432.55 Zr [ove) I I 4 
600....| 3433-48 | 3433.45 Cr | 5 
300... .|| 3436.05 | 3436.10 Cr @)3 | oN 5 4 
400..../| 3437-35 | 3437-34 | Ni-Fe | | id 8 5-1 
500....|) 3438.36 | 3438.38 Zr 2 3 8 20 
350..+-| 3439-11 | 3439.13 | Mn-Fe | id | 
400. . 3440.13 | 3440.14 Gd oooN I 8 6 
500....|| 3440.75 | 3440.76 Fe 20 2 | 30 4 
500....|| 3441.15 | 3441.16 Fe 15 2 | 30 4 
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TABLE I—Continued 


Wave-LencrTus INTENSITIES 


HEIGHT OF | 
CHROMO- SUBSTANCE 
Rowland Rowland Arc | Spark 
km 
600....|| 3442.12 | 3442.12 Mn 6 7 2 |} 30 
400....|| 3443.37 | 3443.33 Co I 3 
500....|| 3444.03 | 3444.02 Fe 8N 2 15 3 
500.... 3344.44 3444.47 Ti 4 3 4 10 
300....) 3445.20 | 3445.20 | Fe 5 ° 5 2 
350.---|| 3445-69 | 3445.74 | Cr-Dy 2N ° 3-10 2-3 
500.... 3446.38 3446.41 Ni 15 2 30 10 
300....|| 3446.54 | 3446.54 ° 
300....| 3447.43 3447.42 | Zr-Fe 4 ° 3-2 | 
300....|| 3449.00 | 3449.00 Y ° ° 5 5 
300..../| 3449.60 | 3449.58 Co 6d ? ° 10 5 \ 
300..../| 3450.52 | 3450.47 | Fe-Gd 5 ° 3-6 | 1-6 
300... 3452.04 | 3452.06 Fe 3 ° 3 I 
400....|| 3452.60 | 3452.61 Ti I 2 I 8 ! 
300....1| 3453.02 | 3453.04 Ni 6d? ° | 10 5 
300.... [3453.45 [3453-47 Cr ° o | 3 | 2 
300... .|/|3453.69 ||3453.65 Co (7) ° | 20 10 r 
300....!| 3454.32 | 3454.30 Vi I | ° I | I 
300....|/ 3455.43 | 3455.38 Co 5 | 8 
...|| | ...:... ° we 
350....|| 3456.16 | 3456.15 | Er-Nh fore) I 6-30 2-30 
400....|| 3456.59 | 3456.53 Ti 3 3 2 | 10 
300....|, 3457.78 | 3457.72 | ZrCr | o | o 3- 64 
350....|| 3458.51 | 3458.56 | Ni-Fe |(?) 11 id | 202 | 101 
350....|| 3459.10 | 3459.07 Zr fore) ° 2 5 
400....|| 3459.56 | 3459.57 | Ce-Fe | 2 I —I 4- 
350....| 3460.05 | 3460.06 Zr-Fe (3) 6 ° 3-2 2-1 ‘ 
400....|/[3461.59 | 3461.63 | Ti 5 3 3 |} 10 
400....|/|3461.78 | 3461.80 Ni | 8 20 | 10 
300....| 3462.92 3462.95 Co 6 ° 10 5 
300....| 3463.27 | 3463.30 | Zr-Fe | (2) 2 1d 3-1 I5- 
300....|| 3464.21 | 3464.27 | Sr-Gd-Er| (3) 4 IN 30-6-4 50-6-2 
500-...|, 3465.89 | 3465.90 Co 4 2 10 5 
350....| 3468.95 3468.99 | Fe 2 od ? | I I 
350....|| 3471.42 | 3471.45 | Zr-Co (7) 6 ° | 3-3 4-2 
500....|| 3473.75 | 3473-74 Fe? (3) 2 2 , 
600....|! 3474.2 3474.24 Mn 4 5 I 15 
300....!| 3475.2 3475.27 | Cr j 2 ° I 3 
400....) 3475.56 3475.59 Fe 10 2 | 10 3 
400....|) 3476.85 | 3476.85 Fe 8 ° fe) 3 
500....|| 3477.32 | 3477-32 Ti 5 4 3 10 
300....| 3478.74 | 3478.74 Zr (7) 1 ° I 2 
350.--. 3479.55 | 3479.53 | 2 I 4 10 
300....| 3480.53 | 3480.55 | Zr-Er (7) 3 ° 2-3 3-3 
300....|| 3481.04 | 3481.02 | Ti 2 ° 2 
400....|| 3481.35 | 3481.30 | Zr 2 2 4 15 ‘ 
500....|! 3483.06 | 3483.05 Mn- 5d? 4 2- 12- ; 
350....|| 3483.79 | 3483.78 | Zr-Ni-Co| (3) 9 IN 3-8-4 7-4-3 ‘ 
300.... 3485.10 | 3485.12 | Fe (3) 4 ° I a 
300....) 3485.50 | 3485.49 |Fe, Co, Zr 6 ° 354,- | 2, 3,3 
300.... | 3486.07 | 3486.04 | V-Ni 5 ° | 2-5 6-2 
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TABLE I—Continued 


Wave-LENGTHS INTENSITIES 
CHROMO- 7 | SUBSTANCE | | 
Rowland | | Rowland Arc Spark 
km 
400....| 3488.22 I 
500. . 3488.80 | 3488.82 Mn 4 4 2 | 10 
350... 3489.56 [3489.55 Co 5 ° 20 8 
400....| 3489.87 3489.84 Ti, Fe 7) 3 I-2 2-1 
400....|| 3400.75 | 3490.73 Fe 10N 3 20 «| 64 
500....| 3491.20 | 3491.20 Ti 5 4 3 5 
350... [3493.06 | 3493.11 Ni 10 I 30 10 
350.-..| \3403.27 3403-31 oN I 2 5 
300.... 3404.32 | 3404.31 | Fe 2 ° 
300.. 3494.78 | 3494.82 Fe 2 I 
350.. 3495-41 3405.46 Cr-Fe | 2d? 1-3 3-1 
| 400. . 3495.80 | 3495.82 | Co-Ti | (?)5 2 5-1 5-1 
| 500... 3490.32 | 3496.32 Zr-Y (?) 2 4 10-10 20-10 
350... 3407-13 | 3497-15 Jz I I 2 8 
400. . 3497-71 | 3497.67 Mn 3 2 I 6 
300... 3498.86 | 3408.80 - I ° 
r 350....|| 3499.27 | 3409.25 | Er-Ti I 15- 10-I 
400 3500.57 | 3500.57 | Ti-Fe | 1d I-1 2-1 
300....|| 3501.03 | 3501.00 Ni-V | 6d? ° 6-2 4-2 
300... .|| 3502.62 | 3502.56 | Co-Ni | (4) 10 od 19-3 
400....) 3504.58 | 3504.58 2 3 I 
600... .|| 3505.05 | 3505.06 Ti | 2 5 3 30 
400....|| 3505.76 | 3505.75 Zr-V_ | (2)1 1d 5-3 20-2 
350....|| 3506.57 | 3506.56 Co-Fe-Ti| (3) 9 od 10-2-2 8-1-1 
350....|| 3508.56 | 3508.59 Fe | (3)6 od | 2 I 
350..°.|| 3510.00 | 3509.99 Co | 4 r | 8 5 
r 400....|| 3510.45 | 3510.47 Ni 8 I 15 10 
600....|) 3511.02 | 3510.98 Ti 5 5 3 | 30 
300... 3512.00 | 3511.98 | Cr-Mn | 2 ° 
350....|| 3512.76 | 3512.78 Co | 6 I 10 6 
350....|) 3513.66 | 3513.62) Co | 5 I 4 4 
aa 350....| 3513-90 | 3513-07 | Fe | 7 I 10 | 3 
350....) 3514.18 | 3514.14 § I 
500 3515.14 | 3515.14 Ni-Fe | (7) 14 2d 30-1 10- 
300. 3516.36 | 3516. 36 Ni 2 ° 2 I 
300... 3516.70 | 3516.70 Fe 2 ° I 
40o....| 3517.48 | 3517.45 | V-Ce | 3 2 3-3 | 20-2 
300 3518.95 | 3518.92 Fe (?) 6 ° 2 = 
400... 3519.87 | 3519.90 | Ni-Zr 7 2d? 6-4 3-3 
500....|/| 3520.38 | 3520.40 | Ti 2 3 2 8 
300....| 3521.01 | 3520.99 | Zr 2 ° 3 
300....| {3521.48 [3521.50 | Fe- | (2) 11 I | 10 3 
300....| \3521.86 || 3521.83 Co-V (?) 6 ° | 3-1 5-5 
300. . 3523.08 | 3523.05 | Fe, Co 2 ° : 8 -,1 
500....|| 3524.04 3523.99 | Co-Fe | (3) 10 2d | 5-4 
. 500....) 3524.66 | 3524.68 Ni 20 3 50 
+ 300....) 3524.92 | 3524.88) V I ° 2 8 
400....| [3525.91 |{3525.91 Zr- | (7)6 I 2 4 
400..../ (3526.45 |\3526.45 Fe | | I 7 | 3 
300....|| 3527.92 | 3527.04 | 5 3 I 
350... 3520.13 | 3520.14 | Co-Ni | (@)4 1 
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TABLE I—Continued 
Wave-LeENcTHS INTENSITIES 

CHROMO- | SUBSTANCE | | 

|i Rowland | Rowland | Arc | Spark 

km 

350..--|| 3529-85 | 3529.85 Co-Fe | (3)9 I | 15-3 | OF 

500.... | 3530.86 | 3530.92 3 2 3 | 20 

§00....|| 3531.76 | 3531.82 | 3)6 2d 3-20- | 3-20- 

goo....|| 3532-64 | 3532-72} FeV | 4 | o | 4- | -3 | 
400....|| 3533-35 | 3533-33 | Fe-Co |(3)17, | od | 75 | 3-4 

300....|| 3534-03 | 3534-00 Ti I | ° |. 2 

350-. - || 3535-95 | 3535-06 Fe 

500...-|) 3535-55 | 3535-55 Ti 4 | § | 2 | 45 

4oo.... | 3535-83 | 3535-87 | Se 3 | | | 45 | 
350..--|) 3530.70 | 3530.71 Fe 7 I 5 | 3 } 
300....|| 3538.40 | 3538.40 V I re) I | 4 
350.--. | 3541.22 | 3541.24 Fe 7 ° 8 3 : 
350---- | 3542.30 | 3542.29 Fe ()9 o |}; 8 | ¥g 

300.... || 3543-50 | 3543-47 Co-Fe | (7)4 o | | 

350..-- | 3544-19 | 3544.16 Ce-C 000 ° 3- 

500.... | 3545-33 | 3545-34 La 4 | 3 3 30 

350...-1] 3545-83 3545.85 Fe-Gd (7) 8 I | 3-10 | I-10 4 
S00... {3547.41 | 3547-30 Fe-C od? | I 

350.... |13548.10 | 3548.14 Mn-Ni (3) 13 I 23-3 | 10-3 

400....), 3549-12 | 3549-15 ¥ 2 2 10 | 20 

350....|| 3549.52 | 3549.51 Gd-C ° 10 | 10 

300.... | 3550.73 | 3550-74 Co @ | @ | § | 8 

350.---|| 3551-55 | 3551-59 Ni-C (7) 5 I 2- 

350....|| 3552.00 | 3552.10 Zr I 2 | 6 | _ 20 

300....|| 3553-15 | 3553-13 | Co I } oO | 3 | 2 

3554-25 | 3554-26 Zr-Fe 5 ° | | 4-1 

350.... | 3555.06 | 3555.08 Fe S.f & 8 | 4 

350....|| 3555-23 | 3555-18 c- ° I 

400....|| 3556.16 | 3556.09 oooNd I mere 

500.... 3556.85 | 3556.89 V, Zr-Fe | (4) 11 4 3, 8-5 | 50, 20-2 

500....|| 3558.66 | 3558.67 Sc, Fe 8 | 2 20, 10 20, 4 

300.... | 3559.24 | 3559.22 Fe-C I ° I- : 

300....|| 3559.64 | 3559.66 Fe 3 ° I 

350...-| 3561.05 | 3561.04  Co,Ce 4 I 4,4 4,4 

300....|| 3562.02 | 3562.04 Ti I | ° I 2 

[3564.66 | Ti 3 I I 

500.... (3565.49 (3565.54, Fe 20 4 20 5 

300.... 3566.08 | 3566.11 Ti I ° I 3 

350....|| 3566.28 | 3566.31 V | 2N | I 2 8 

300.... || 3567.14 | 3567.14 | Fe | ()3 ° I 2 

400.... | 3567.90 3507.88 | Sc 2 2 | 20 20 

300.... | 3568.73 | 3568.78 | Fe _ | (?) 6 oN | I jail 

[3569.65 | Co, Mn | (3) 11 3 20, 25 10,9 

500... .|||3570.34 |\3570-27 | Fe | 20 3 50 10 
4oo.... | 3572.10 | 3572.08 | Ni, Fe | (?)11 I 10, 3 3,2 

900... F 3572.67 Sc-Zr | (?) 10 | 5 30-8 50-15 

300.... |[3573-53 |[3573-54 Ti | (s 
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TABLE I—Continued 


Wave-LENGTHS INTENSITIES 
HEIGHT OF | = 
Curomo- || SUBSTANCE | 
— | | Rowland Rowland Arc Spark 
km | | 
300... .||3574.57 [3574.56| V-LaeC} | o | ~3- 3-1- 
400....| (3575-49 |\3575.53 | Fe-Co | (7) 16 I 4-3 2-5 
4 600....| 3576.52 | 3576.53 | Sc 3 | 6 20 | 30 
350....|1| 3577-03 | 3577.00 Zr I 2 5 
400....|| 3577.96 | 3578.01 Mn-\ 5 2 10-3 | 5-2 
400....|| 3578.36 | 3578.36 | Zr-Ti | fore) | I -I | 3-5 
500....|| 3578.87 | 3578.83 Cr 10 3 30 20 
600... .| {3581.11 | [3581.07 Sc | 5 3 10 | 20 
600... .| 3581. 36 | Fe | 30 | 4 5° 
350 \3582.47 |\3582.47 { 33 
350....|| 3584.01*| 3584.05 | 3 ° 
j 450....| [3584.82 [3584.80 Fe | 6 3 4 2 
450.... (3585.09 |\3585.10 | Fe, Gd | 6 3 2,10 | 2,10 
600....) 3585-44 | 3585.41 | Cr, Fe | (?) 12 5 4s | 4,3 
300....) 3585.76¢) 3585.81 | Fe-Cr-C | (2) 8 | ° | 3-3- 
300....| 3586.67 | 3586.68 Mn )| ° 5 4 
4 400....!| 3586.97 | 3587.02 Al-Fe (°) 24 I -8 | 100-3 
400....|| 3587.34 | 3587.37 | Co }| I 15 | 10 
350... .|| 3587.68 | 3587.7 Fe-C | ()8 3 2 
350....) 3588.12 | 3588.08 | Ni-Zr | 6 ° 3-3. 23 
350....| 3588.76 | 3588.76 Fe 4 | c 3 I 
350....|| 3589.27 | 3589.25 Fe | 4 I 4 I 
600... 3589.86 | 3589.84 | V-Sc (7) 10 8 4-10 | 20-10 
500....|) 3590.62}, 3590.63 Sc-Gd-C | (7) 4 2N 15-4 10-4 
400....|| 3501.57 3591.56 Fe (7) 4 id I 
450....]] 3592.13 | 3592.17 | 2 3 3 | 20 
350..../| 3592.81 | 3592.82 | Gd-Fe 4 ° 6-1 | 8- 
500.... | 3593-55 | 3503-60 | V,Cr | (?) 12 | 4 2, 30 15, 20 
400....|| 3504.92 | 3594.86 | Fe-Co 9 1d 48 | 2-4 
i 350..-.|| 3595-34 | 3505.38 | Mn-Fe | (?)3 ° 4- 2- 
500....|| 3596.17 | 3596.20 Ti 4 | 4 3 5 
350..../| 3507-17 | 3507-19 Fe sd? | ° I | 
350..../| 3507.85 | 3597.85 Ni 8 I 10 6 
350....|) 3599.36 | 3599.36 Fe “)o | ad I 
400. . ......- I 
600... .|| 3600.91 | 3600.88 Y 3 6 20 50 
600 3602.03 | 3602.06 Y | 4 I 10 | 20 
300 3602.64 | 3602.65 Fe (2) 7 oN 3 3 
350... .|| 3603.31 | 3603.35 Fe 5 | I 4 | 3 
500 | 3603.05 | 3603.92 Cr 3 4 + | & 
390... .: | C ° | 
500....|| 3605.48 | 3605.48 Cr 7 3d 30 | 20 
4oo....|| 3606.83 | 3606.84 Fe- 6 | I 8 4 
300.. 3607.60 | 3607.60 | Zr-Mn | (?)3 od 2-5 | 5-3 
3 500 || 3609.00 | 3609.01 Fe 20 | 3 20 6 
300 3609.50 | 3609.47 Ni 5d? ° 5 2 
* Third edge of fourth cyanogen band. 
t Second edge of fourth cyanogen band. ' 


t First edge of fourth cyanogen band. 
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HEIGHT OF 
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TABLE I—Continued 


Wave-LEeNGTHS 


CHROMO- SUBSTANCE 
| Rowland Rowland 
| 

km | 
400.. 3609.70 3609 . 63 Sa-Pd (*) 3 
500. 3070.55 3610.56 | Ti-Fe-Ni- (5) 19 

| Mn-Cd 

500... 3611.20 | 3611.19 yr 2 
350 3011.95 | 3011.92 Zr-Co (7) 2 
350 3612.86 | 3612.88 Ni 6d ? | 
750. . 3613.96 | 3613.95 Sc 4 | 
400. . 3614.89 | 3614.92 Zr 2 
350. 3616.71 | 3616.71 Er-Fe 4 
400. . 3617.96 | 3617.93 Er-Fe 6 
600 3018.91 | 3618.92 Fe 20 
350... 3619.56 | 3619.54 Ni 8 
300.. 3619.90 | 3619.92 Fe 2 | 
300.. 3620.37 | 3620.39 Fe 2 
300.. 3620.60 | 3620.61 Fe-Gd 3 
450 3621.32 | 3621.34 V-Co 2 
400.. 3622.13 | 3622.15 Fe 6 
400. . 3623.44 | 3623.43 Fe (?) 7 
350.. 3623.99 | 3623.95 | Zr-Mn (*) 5 
400... 3624.53 | 3624.56 | Ni-Ca | (3) 10 | 
500. . 3624.98 | 3624.98 Ti-Fe 5 
400.. 3627.90 | 3627.05 Co, V 4 
400.. 3628.85 | 3628.85 y 2 
500. . 3630.15 | 3630.16 Zr I | 
750... 3630.87 | 3630.88 | Sc 4 
600 3631.61 3631.60 Fe 15 | 
400. . 3632.15 | 3632.16 | Fe-Er (?) 5 | 
400. . 3632.80 | 3632.77 Fe-Cr (7) 4 
500 3033.27 | 3633.28 2 | 
400. . 3633-61 | 3633.65 | Zr-Ti ooNd ?| 
400....|| 3634.40 | (3634.30) He 
350....|| 3635.40 | 3635.51 | Ti-Fe | (*)6 | 
350 3636.32 | 3636.33 Fe (7) 5 
350 3636.70 | 3636.69 | Zr-Cr 3 
350. 3638.45 | 3638.44 Fe 3 
350 3639.56 | 3639.56 | Co 2 
350 3639.94 | 3639.04 | 9 Cr- 2 
400... 3040.55 | 3640.54 Fe 6 
600. . 3641.48 | 3641.47 | Ti 4 
500... 3041.95 | 3641.96 | Cr-Co (?) 2 
600. . 3642.88 | 3642.84 | Sc-Ti (2) 9 | 
400 3944.54 | 3644.55 Ca = 
600. . 3644.97 | 3645.01 | Fe, Ca (3) 6 | 
600. . 3045.48 | 3645.48 Se 3 
400. . 3646.31 | 3646.34 | Ti, Gd I 
350.... 3647.11 | 3647.13 2 
400... 3647.54 | 3647.56 | Fe 4 
600. . 3047.94 | 3647.99 Fe 12 | 
400... 3649.70 | 3649.65 | Fe, La 5 
400. . 3650. 3650.31 | Fe-La (7) 9 


32 
.|| 3650.87 | (3650.90) Zr 


INTENSITIES 


Arc 
| 
I | 4-100 
2N_ | 4-6-10-5- 
“Ss 
3 | 20 
I 3-4 
I } 6 
10 } 30 
2 4 
° | 
r | 5-4 
6 | 20 
2 | 50 
re) 
} 
° 1-3 
3 I-I 
2 | 4 
1d 4 
o (5-4 
1d | 3-10 
8 2-1 
I 
2 10 
2 I 
12 20 
6 20 
I 3-5 
° 2-3 
2 20 
I 
1d 17-1 
2 
I I-4 
° 4 
° 3 
° 5 
2 5 
8 3 
I 3-3 
8 20-15 
° 20 
2d -,8 
4 15 
od ? 2, 15 
° 
I I 
5 30 
° 3, 2 
° 2-3 
° 


Spark 


4-50 
2-3-4-3- 
100 
30 
10-2 
3 
100 
S-1 
6 
15 


| 
| 
1-3 
6-4 
3 
2 
4-2 
2-2 
: 4, 3 
10 
5 
100 
6 
2-4 
1-2 
3° 
6-1 
| 4-1 
I 
4-3 
I 
| 
i 2 
| 5 
3 
10 
3-1 
50-3 
I,- 
| 
2,12 
I 
6 
3,1 
| 4-4 
400 4 
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TABLE I—Continued 
Wave-LencTHs INTENSITIES 
CHROMO- : | SUBSTANCE | : | 
km 
400 3651.60 | 3651.61 Fe | I 5 3 
600. . 3051.90 | 3651.94 Sc | 4 4 10 | 20 
500. 3653.62 | 3653.64 | ze 6 OC 5 IN 15 | 4 
350... 3054.07 | 3654.05 Cr 2 I 2 3 
350. 3654.80 | 3654.76 | Ti, Gd (?) 3 ° 38 | 2,8 
400. . 3655.78 | 3655.80 Zr | 3 2 | 4 
400. . 3656.33 | 3656.39 Cr-Fe-Gd| (?) 5 2 2-8 | 3-2-8 
400 3656.80 | (3656.81) Me |... I ie 
400 3657 Hy I 
400. . 3658. 19) 3658. | id | 
400. . 3658.80 | (3658.78) I 
75° 3659.88 | 3659.90 Ti* 5 2 | 
(3660. 42) Hy, | . f 
3660.47 \| 3660.47 Fe 2 fj I 
500. . 3661.42 | (3661.38) Hx | 2 
75° 3662. 37) 3662.38 Ti |} 5 J 4 2 10 
350.. 3663 | ° a 
3063. 564 | 3063 Fe | Bo f 2 
3664.7 2 if 20-8 20-15 
3664 (3664.82) Hx | 4 
350.. 3665.41 | .. or ° 
1500.. 3666.23 | (3666. 24) Has | 3 
350... 3666.88 | 3666.91 Fe 3 ° I me 
500. . 3667.40 | 3667.40 | Fe 4 I 2 I 
1500. 3667.91 | (3667.83) Ho pas 4 = ‘ 
500. 3068.69 | 3668.63 | Zr, ¥ fore) I -,3 4, 10 
1500. . 3669.60 | (3669.61) Hy 5 
350 3670.26 | 3670.24 Fe 2 ° 2 I 
350 3670.60 | 3670.57 | Nis 5 I 4 2 
3671.41 | Zr 2 10 
3671. 45)| (3671.62)! Hy 6d i 
350 3671.82 | 3671.82 Ti 3 I 4 3 
350.. 3673.22 | 3673.23 | Fe-Er 3 I -I -3 
1500. . 3673.96 | (3673.91) He 5 
500... 3674.84 | 3674.86 | Zr-V I 2 3- 15-3 
350. 375-47 | 3675-43 ° 2 
3676.4 o-Fe f 13 
3676. 48) (3676.51) Hy 6 | 
400... .||{3677.51/, 3677.52 Fe (?) 7 I | 2 3 
500....| \3677.94\ 3677.91 Cr | (?)6 | 4 | 2 6 
2000 || 3679.48 |(3679.50)) Hr | ... | 8 wu nls 
500....|| 3680.08 | 3680.07 | Fe 9 | 2 10 3 
350....|, 3681.11 | 3681.08 | Fe- | (3) 9 I 3 4 
500. . 3682.35 | 3682.38 | Fe 5 2 5 3 
2000. . 3682.96 | (3682.95) He ° 
6000....| 3685.41 | 3685.34 | Ts | 10d? | 40 8 100 
600. . 3686.24 | 3686.23 | Fe,V | ()9 | 3 33 | 23 
! 


* Hy at A 3659.57. 
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432 S. A. MITCHELL 
TABLE I—Continued 
Wave-LencTHs | INTENSITIES 
CHROMO- | SUBSTANCE | - 
SPHERE Rowland | Rowland | Arc Spark 
km | 
2000.... | 3686.97 | (3686.98) Me 12 
4oo.... | 3687.76 | 3687.72 e-V |(2)10 I 10-10 5-3 
400... 3689.64 | 3689.61 | Fe 6 I 3 2 
2500... 3691.78 | (3691.70)| 15 
400... 3692.38 3692.30 | V I I fe) 4 
350.... | 3692.81 | 3692.79 | Er-Fe | 2 ° 20-1 10- 
350. . 3093.16 | 3693.17 | Fe 3 ° I 4 
500. ... 3693.62 | {3693.62 | I 2 5 4 
500. . (3694.27 |3694.24 | Fe-Ni- | (4) 10 4 43 
400.. 3005.11 | | I 
3000. . 3697.35 (3697.30)) | .. | 
500.... | 3698.28 | 3698.30 | Zr-Ti_ | 2 2 3-1 20-1 
350.... | 3699.30 | 3699.28 | Fe 3 ° I 
350. 3700.53 | 3700.48 | V I I I 8 
350 3701.23 | 3701.23 Fe 8 ° 4 2 
350... 3702.41 | 3702.40 | Co, Ti | (?)4 I ‘2 6, 2 
4000. . 3704.03 , (3704.00) He 25 
750... 3705.11 | (3705.15) He I 
75°. 3705.71 | 3705-71 Fe | 9 4 20 4 
750.. 3700.25 | 3700.24 Mn-Ti-Ca (?) 9 10 2-2-10 50-8-50 
400. . 3707.22 | 3707-19 Fe | 5 I 2 I 
400... 3708.08 | 3708.07 Fe | 5 I 20 4 
350... 3708. 83 ° 3-1 2-1 
13709-39 € 20 4 
3709 - 59 1\3709.54; Zr-Vi | oN 4 15-3 
600. . 3710.49 | 3710.43 Y 3 8 30 100 
6000. . 3712.20 | (3712.12)| Hy 30 
500... 3713.03 | 3713.06 Cr | Os 4 I 6 
300....|| 3713-65 3713.69 La | oooN I 4 6 
450.... | 3714.99 | 3714-93 Zr ° 2 I 6 
600. . 3718.57 | 3715.61 | V 4 4 | 3 20 
400. . 3716.53 | 3710.59 | Fe-Ce-Gd 7 2N | 3-3-5 2-3-4 
400... 3717-54 | 3717-54 | 2 I 5 2 
350. . 3717-90 | 3717.98 | - ° I 
4oo....|, 3718.54 | 3718.55 | Fe-Ce 4 | 2 2-3 1-3 
1500. . 3720.08 | 3720.08 | Fe 40 | 10 | 50 10 
6000. . 3722.20 | (3722.08)| Hu | 35 
40o.... | 3722.69 | 3722.69 | Fe-Ti-Ni (?) 10 2 20-3-5 4-3-1 
350....| 3723-69 | 3723.68 | Nd- | @)2 | 2 4 3 
400. . 3724.20 | 3724.23 | Ti I 2 2 
400.... | 3724.54 | 3724.53 | Fe-Er 6 | 2 3-3 2-4 
350... 3725.14 | 3725.13 | Ti-Ni-Eu (?) 2 2 4-1-30 3-1-20 
400. . 3727.12 | 3727.14 | Fe 7 I 3 2 
450... 3727-53 | 3727-55 | V- (3) 2 2 2 | 20 
g00.... | 3727-82 | 3727-79 | Fe-Zr | (*)5 3 15- 5-7 
350. . 3728.52 | 3728.54 V-Ce | 00 I 1-3 4-3 
350. 3730.00 | 3729-95 | Ti-Zr | 3 ° 8 | 43 
350. 3730-53 | 3730-57 | Co-Fe | | 5-2 | 5-1 
350. 3731-34 | 3731-32 | Zr-Fe (3) 6 2 -4 15-2 
350. 3732-12 | 3732-15 | Cr-Mn | ()2 | 0 3-1 2-3 
350. 3732-54 | 3732-54 | Co-Fe | 6 | 1 54 | 8&3 


| 

| 

— 


¢ 
WAVE-LENGTHS OF THE CHROMOSPHERE 433 
TABLE I—Continued 
i | = 
Wave-LencTHs INTENSITIES 
HEIGHT OF = | 
CuHRomo- | Susstance | 
Rowland | Rowland | | Arc Spark 
km | | 
350... 3732.90 | 3732.89 V 2 I 3 20 
6000... .|| 3734.68 | (3734.51)| Ha 40 
750....|| 3735-05 | 3735.01 | Fe 2 5° 10 
350..-.|| 3735-60 | os ° 
| [3737-02 a-Ni | { 20-5 50-3 
400....|| 3737-81 | 3737.81 | (7) 0 ° 
500....|| 3738.43 | 3738.47 Fe (7) 6 od 2 2 
500....|| 3739.28 | 3739.33 | Fe, Ni | 5 I I,3 
500....|| 3739.89 | 3739.89 | Fe-Ni (3) 6 1d 2-1 2- 
900.... 3740.49 | 3740.48 ° ° 
1500.... | 3741.78 | 3741.79 | = Ti 4 15 3 10 
300..../| 3742.38 | 3742.41 | | 00 ° 
600.... | 3743.63 | 3743.67 | Fe-Cr-Gd | (5) 12 4d 15-7-10 | 6-6-10 
400.... | 3744.25 | 3744.25 | Fe 4 “< 2 I 
1500....|| 3745-92 | 3745.86 Fe-V 2) 14 20d =| 30-4 9-20 
300....|| 3746.67 | 3746.65 | Fe-Mn (7) 3 ° I-I I-I 
600....|| 3747-74 | 3747.69 y I 4 5 10 
750....|| 3748.39 | 3748.41 | Fe fe) 8 | 20 4 
6000... .|| 3750.41 | (3750.30) Hx 45 
500. . 3751.79 | 3751.80 | Zr fore) I 3 20 
300....|] 3752.35 | 3752.37 fore) ° 
$00...) 3753-69 | 3753.73 | Fe, Ti 6 | 2 33 2, 3 
300... . |) 3754.33 | 3754.37 00 
300. 3754-65 | 3754.06 o | 
3590..-.-|| 3755-55 | 3755-59 | CoC | I ° 4 
300..../| 3756.18 | 3756.21 | Fe-Er | 3 ° 1-3 “I 
600.... | 3757-30 | 3757-26 Fe-Cr | (3)7 2 | 2-2 I-2 
750....|| 3757-80 | 3757.82 Ti-Cr | 4 10 | 2-3 6-2 
6000....|| 3759-47 | 3759.45 | Ti | 12d? 45 | 10 L20 
6000....|| 3761.47 | 3761.46 | Ti 7 40 6 Lio 
750....|| 3762.02 | 3762.01) Ti 3 I I L4 
500....|| 3762.49 | 3762.47 C- (?) 2 ° 
1000... .|| 3763.93 | 3763.94 | Fe 10 4 | 20 6 
800... . || {3764.68 3764.69 | | (5) | I 
800... . || |3765.63 | 3765.69 | Fe 6 2 4 3 
500....|| 3766.45 | 3766.47 | C I ° 
750....|| 3766.82 | 3766.84 | Zr-Fe | (?)4 2 41 | 10 
1000... .|| 3767.29 | 3767.34 Fe | 8 8 15 5 
750....|| 3768.35 | 3768.38 | C | 2 2 
6000... .|| 3770.90 (3770.78)| 50 
400....|| 3771.80 | 3771.80 Ti-C 2 I 4 3 
400. . || 3772.31 | 3772.20 C | I ° | 
300...) 3772.71 3772.69 Ni- | ° 2 I 
400....|! 3773-04 | 3773-07| C | oN I 
500....|| 3773.90 | 3773.90 C-Fe | (5)4 2 ee 
750....|| 3774.52 | 3774-47 10 20 
600....|| 3775.68 | 3775.72 Ni | 7 3 8 | 5 
600. . 3770.16 2 3 I | L4 
3777-59 e 3 I I 
3777-77 | ° } { | 


i 
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TABLE I—Continued 
Wave-LENGTHS INTENSITIES 
CHROMO- SUBSTANCE | 
| Rowland Rowland | Arc Spark 
km 
450° 3778.44 | 3778.42 Fe-V-Ni | (3) 7 I I-I-I I-3-1 
450....|| 3779-53 | 3779-57 | Fe-C 4 2 I- I- 
450....|, 3780.62 | 3780.61 Cc ° I 
450....|| 3781.80 | 3781.77 C-Ce I I 3 3 
500....|, 3782.40 | 3782.39 — I ---4 | -5-3-12 
G 
720... 3783.61 | 3783.63 Ni-C (7) 8 5d 8 5 
500. . 3784.29 | 3784.28 Cc (4) 2 
500....||[3785.20 | ° 
| 3785-54 C Ge 
600. . 3786.31 | 3786.31 Fe, T% 4d? I 2,3 2,2 
450 3787.25 | 3787.30 C-Fe I ° a ood 
750.. 3788.06 | 3788.05 Fe-Er 9 2 10-6 4-3 
800. . 3788.80 | 3788.84 } 2 8 20 30 
450 3789.14 | 3780.14 1 
750 3790.23 | 3790.24 Fe . 4 2 4 2 
500. 3790.56 | 3790.58 V-C (3) 2 I 6- 4- 
750 3790.92 | 3790.93 La-C | 2 8- 50- 
500. 3791.50 | 3791.52; ZrC |. | 4- 
600 3792.65 | 3792.64 | C-Fe-Ni | (°)8 2N eee ae 
500. | 3793.48 | 3703.46 | 9 Cr- (7) 2 | I a 2 
500. 3793.87 | 3793.88 | o | I 
500. 3794.45 | 3794.48 | Fe-V-C 4 | 2 2-1- -3- 
g0o....|) 3704.90 | 3794.91 | 4 10 50 
450. 3795-33 |\ 3292 48 C 
500. 3795.84 | 3795.88 | Er-C | 00 | I odin 4 
600. . 3796.39 | 3796.40 | Zr-Gd-C | (3) 1 I -10- 10-10- 
6000... .|| 3798.15 | (3798.05) He | 50 
750. 3799.66 | 3700.69, FeC | 7 | 3 + | 10° 5 
450... 3800.20 | 3800.21 | C ° I 
500....|| 3801.51 | 3801.54 C (3) 2 2d 
450.. 3802.42 | 3802.42 | Fe-Nd 2 I I-2 I-2 
450.. 3802.85 | 3802.91 c (?) 1 I 
500....|| 3803.14 3803.18 | c (2) 2 2 | ; 
500. . 3803.56 | 3803.62 V ° I 4 3 
600... .|| 3804.14 | 3804.15 C-Fe 3 2 -1 
600. . 3804.79 3804.79 (?) 2 2 
750.. 3805.46 | 3805.49 | Fe-Ni-C 6 2N 4-5- I-3- 
600. . 3806.29 | 3806.33 Fe-C 2 | I I I 
500. . 3807.45 | 3807.49 | Ni-V-Fe | (?) 12 2 8-3-4 7-2-3 
450.. 3807.82 | 3807.83 fore) I 
450 3808.23 | 3808.27 . I 2N 
450 || 3809.25 | 3809. 23 Cc (4) 1 I 
450....|, 3809.84 | 3809.86 Cc (7) 1 I ng 
500....| 3810.98 | 3810.97 Fe-C (7) 4 2 I I 
450....|| 3811.54 | 3811.48 c (?) 2 I 
500....|| 3812.14 | 3812.16 | C (?) 1 | I ae 
700....|| 3813.24 | 3813.18 Fe-C (3) 7 8N 10- 4- 
600....|| 3813.63 | 3813.64 |Ti-V-Fe-C| (3) 4 2 | 2-ro-1- | L4-3-1- 
| Gd (2) 1 ° |. 10 6 


| 
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TABLE I—Continued 
Wave-LENGcTHS | INTENSITIES 
EI 0 
| SUBSTANCE «| 
| Rowland | Rowland | Arc Spark 
km 

800... 3814.67 | 3814.70 | Ti-Fe-C | (7)8 6 | 2-2- | Ls-1- 
goo. . 3815.96 3815.99 | Fe 15 10 20 | 10 
400.. 3816.47 | 3816.49 | Fe-Co 3 ° 2-3 I-3 
500. . 3817.09 | 3817.06 | Co I I s | L4 
750.. 3817.79 | 3817.79 | Zr-C 3 2 vee | 6- 
750 3818.45 | 3818.43 | Y-V-C (?) 2 I 5-4- |: 10-3- 
750.. 3819.29 | 3819.32 | (3) 3 
6000. . 3819.77 | (3819.75) He 4 
1200.. 3820.57 3820.59 | Fe 25 10 50 10 
500... 3821.30 | 3821.33 | Fe 4 ° 3 3 
700. . 3821.93 | 3821.96 | Fe-C ~ 2 | 2 2 
7OO.. 3822.95 | 3823.00 | - 1d? I 2 2 
600. 3824.13 | 3824.13 | Mn-Ce-C | (3) 2 I 4-2- 4-3- 
1000....|, 3824.60 | 3824.50 | Fe 6 8 20 5 
700... .|/ {3825.46 3825.41 | (7) 1 2 
1000. . (3826.00 | 3826.03 | Fe 20 8 20 5 
500.. 3826.37 | 3826.39 | Cc | @) 1 | I 
500.. 3826.74 | 3826.7 - IN ° 
800. . 3827.45 | 3827.46 | c- (?) 2 I 
800. . 3827.93 | 3827.98 | Fe 8 | 5 20 7 
6000... .| 3829.49 | 3829.50 | Mg Te) | 20 | 30 200 
800... {3830.71 |[3830.74 | Er-C ° | 3 10 6 
Boo. . \ 3831.20 (3831.17 3d 3 
6000. . 3832.48 | 3832.45 | Mg | we 30 50 300 
500.. 3833.25 | 3833.22 | | I I 
750....|| 3833.87 | 3833.83 | C | 2 
7000....|| 3835.69 | (3835.53); Hn | 
750.. 3836.22 | 3836.23 | Ti | 2 I 2 L4 
1500. . 3836.83 | f 4 { 
7000. . 3838.44 | 3838.44, Mg 25 | 40 100 500 
500... 3839.28 | 3839.28 | Cc I I 
600. . 3830.75 3839.81 | Fe-Mn-C| (4) 5 2 -2- L3-3- 
500. . 3840.08 3840.11 | (*) x I 
| 3 8 5 15 4 

3840.88 | 3840.89 | V, La | | @ed 2,5 
2000. . 3841.21 | 3841.20 | Fe-Mn | 10 5 | 15-5 5-6 
700. . 3842.02 | 3842.04 Co-C (4) 6 2 8- 10- 
800. . 3843.27 | 3843.24 | Zr-Fe-C | (4) 10 3d | 3 L8-2 
500... 3844.14 | 3844.14 Mn-C 2 I 3- 4- 
3644-43 3844.41 | | 2 | -4 “J 

3945.25 | 3045.29 -Fe | (§)5 I 
800....| 3845.58 | 3845.61 Co-C 8d? | 3 | 20 30 
600... .|| 3846.40 | 3846.36 Fe-C (3) 5 I I- L2- 
750. 3846.93 | 3846.92 | FeC | (4)8 2 2- 2- 
750....|| 3848.06 | 3848 .03 (3) 3 2 
500....|| 3849.07 | 3849.10 La-C | (7)4 I 5- 10- 
5o0....| 3849.50 | 3849.50 | Ni-2r | | | L3-3 
800... .|| 3850.07 | 3850.12 Fe | 10 4 8 4 
700... .|| 3850.76 3850.78 | .C ° | I | 


* a 
| 
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436 S. A. MITCHELL 
TABLE I—Continued 
| Wave-LENGTHS INTENSITIES 
CHRoMO- SUBSTANCE 
SPHERE Rowland | Rowland Arc Spark 
km 
7oo....|/ 3851.36 | 3851.43 Cc 2Nd? I 
Goo... 3851.74 | 3851.74 Cc (3) 1 I 
800....|| 3852.64 3852.61 | Fe-Gd-C | (3) 7 2 2-10- 2-8- 
750....|| 3853.53 3853.52 (7) 3 a 
750....| 3854.15 3854.12 (2) 1 I 
800....| 3854.59 f3854.61 | C-Ce (7) 4 3 ~3 -3 
8o0....| (3854.95 (3854.90 c* I 3 
750....|| 3855.72 | 3855.75 C-Fe (2) 5 2 
6000....|, 3856.40 | 3856.46 Fe-Si_ | (2)9 10 I5- 5-5 
750....|| 3856.98 | 3856.91 | @)3 I 
750....|| 3858.18 | 3858.22 | Ni-Cr-C | (?) 13 2 20-3- 8-2- 
750....|| 3858.86 | 3858.82 2N 2 
...|| 3860.01 | 3860.05 Fe-C 20 20 20 6 
750....|| 3860.74 | 3860.77 C-Ni N I 
750....|| 3861.62 | 3861.66 cy (4) 8 3N 
750....|| 3862.63 | 3862.63 2 2 
750....|| 3863.56 | 3863.53 C-Nd | 3N 2 } -10 -8 
750....|| 3864.50 | 3864.48 Cc (?) 4 I eer eee 
600... .| (3865.01 | (3865.00 V 3Nd? I 5 3 
goo... .| 13865. 26 3865. 28 3 2 
goo... .|| (3865.65 |\3865.67 Fe-Cr 7 2 8-1 4-L7 
750....|, 3866.14 | 3866.12 3Nd? I 
goo....| 3866.93 | 3866.96 | C-V 2 I -2 | -L3 
750....| 3867.34 | 3867.36 Fe-C 2 I 2- | 2- 
750....|| 3867.76 | 3867.76 | C-V I 2 -I | =2 
500....|| 3868.08 | 3868.06 Fe-C 2 I ce | I- 
500....|| 3868.52 | 3868.54 C-Ti I I -4 -I 
500....| 3868.89 | 3868.87 c I I ee 
500....| 3869.27 | 3869.30 C I I sti 
500....|| 3869.65 | 3869.69 | Fe-C | 3 2 I- I- 
500... .|| [3870.03 | {3870.05 | C-Co IN | I 
750... .| \3871.23 |\3871.24 C 2 
950. ....|| gt | | _ 2d? 4 
500....|| 3871.94 | 3871.96 | Fe, La | 2 I 2, 6 L4, 20 
700....| (3872.45 |(3872.40 IN | I 
700... .||/43872.87 |; 3872.86 | IN | I 
goo 3873.19 |\3873.18 | C-Co | G)6 2 | -I0 
goo -| [3873 69 |{3873.71 Cc I I Dats pak 
goo... .|||3874.04 |\3874.00 | Co-Fe-C | (?)8 2 |  10-2- 15-2- 
500....|| 3874.89 | 3874.89 | I 
500....|| 3875.33 | 3875.32 | Ti-V-C | (7) 4 I 2-2- 
600. . | 3875.92 | 3875.92 | C-Nd 2 | 2 ae -8 
500....|| 3876.49 | 3876.50 | | I 
600 3877.06 | 3877.05 | Co-C | (7)8 I 5- 5- 
500....|| 3877.45 | 3877.48 | c I ° 
1200....|| 3878.79 | 3878.77 | Fe-V-Co | (3) 11 15 15-1- | 5-L10-L2 
600....|| 3879.73 | 3879.72 | C-Nd | I I -4 -3 
| 


* Fourth edge of cyanogen band. 


t Third edge of cyanogen band. 


t Second edge of cyanogen band. 
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WAVE-LENGTHS OF THE CHROMOSPHERE 437 
TABLE I—Continued 
| INTENSITIES 
HEIGHT OF | 
CHROMO- SUBSTANCE | 
km 
600... .|| (3880.33 | {3880.31 Cc (5) 3 2 
600... .| | 3880.82 || 3880.82 I I 
600... . 3881.39 || 3881. 36 Cc (5) 5 2 
700... 3882.05 |{ 3882.01 C-Co 2 I 
750....||| 3882.39 || 3882.44 2 2 
750 3882.64 || 3882.65 c I 3 
goo. ...| \3883.43 | (3883.46 (7) 3 5 
500....|| 3883.81 | 3883.78 Cr ° I I 
500....|| 3884.46 | 3884.50 Fe- (?) 3 I I I 
500....|| 3885.24 | 3885.29 Fe 2 ° ny: 
1600....|| 3886.46 | 3886.43 Fe-La 15 15 20-5 5-15 
600... .|| 3887.16 | 3887.20 Fe 7 2 | 10 3 
8500.... | 3889.47 | (3889. 20) Hs 60 
500...., 3890.55 | 3890.54 Zr 2 I | 10 4 
800 3890.99 | 3890.99 Fe 3 2 I I 
600 3891.55 | 3891.50 | Zr-V-Nd | (3) 2 I | 10-4-3 3-2-3 
600 3892.07 | 3892.04 | Ba-Fe | (?) 5 2 |  §0- 500-1 
500 3892.70 | 3892.70 Mn | 2 I I I 
800 3893.16 | 3893.10 V-Fe | (3)4 I 4r | 2-2 
600 3893.52 | 3803.54 Fe 4 I 2 2 
1000 3894.26 | 3894.21 | Co-Cr- (2) 8 2 15-3 30-3 
500 3804.65 | 3894.63 IN ° | 
500 3895.20 | 3895.22 | Co-Ce-Ti| (3) 6 I | 4-3-4 5-2-2 
1200 3895.82 | 3895.80 Fe 7 4 | 10 3 
650 3890.34 | 3896.31 Er-\ ()o0 I 15-3 6-3 
500 3896.84 | 3896.84 | Zr-Ce (7) 1 ° | 3-3 2-3 
800 3897.89 | 3897.85 | Fe-Zr | (4)6 2 | 3-2 3-2 
500 3898.52 | 3898.53 Un 2 I I 2 
1000 | 3899.23 | 3899.21 V-Fe (?) 5 3 | 3 L6-1 
1000....|| 3899.84 | 3899.85 Fe 8 3 10 4 
1600... .|| 3900.71 | 3900.68 Ti 5 10 5 Ls5o0 
600....|| 3901.86 | 3901.90 | Nd- (2) 5 2 5 5 
g0o....|| 3902.90 | 3902.89  Fe-V-Er- | (4) 16 3d 10-4-10-5 | 5-2-5-4 
Gd 
1000 3903.33 | 3903.37) V-Cr | (7)3 4 | 42 L6-3 
700 3903.95 | 3904.02 Fe-Er- | (?)8 I 1-3 
600... .|| 3904.91 | 3904.93 Ti 3 I 10 5 
§00....|| 3905.27 | 3905.33 - 2 ° 
| 800 3905.67 | 3905.66 | Si, Cr 12 3 | 
‘ 600 3906.03 | 3906.04 | Nd-Fe 3 I 4- | 4- 
750....|| 3906.62 | 3906.63 | Fe 10 2 8 3 
500... .|| 3906.86 | 3906.89 4 | 2 | 3 | 2 
500... . 3907.13 {3907.10 Ce I I 2 I 
750....||(3907.59 |\3907.62 | 3d? 2 
600....|| 3908.05 | 3908.08 | Fe-Nd 5 2 1-4 1-3 
600....|| 3908.63 | 3908.61 | V-Er (?) 1 2 2-2 | -2 
500... 3909.79 | I I-20 | 1-2 
- |f3Q10.0 a-Co 3Nd?| 50-5 10-4 
\3910.47 | - 2 if | 
500....|||3910.82 | 3910.88 | Fe-V (7) 6 I | 1-2 


* Head of cyanogen band. 
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438 S. A. MITCHELL 
TABLE I—Continued 
Wave-EEencrus INTENSITIES 
CHROMO- SUBSTANCE 
Rowland | Rowland Arc Spark 
km 
500... | 3911.29 | 3911.32 Nd ° | I 8 8 
750 }3911.98 | {3911.96 Sc 2 I 30 6 
750. -//\3912.32 ||3912.34 | | o | 4, 4-3 2-3 
2000... | 3913.69 | 3913.61 Ti | 5d? | 20 5 L20 
759... | 3914.60 | 3914.57 | V-Zr I | 4 5 L8-4 
500. . 3915.47 | 3915.49 Fe, Cr (7) 2 I 
800. . 3916.10 | 3916.12 | Zr-La (7) 1 3 I-5 10-10 
750 3916.67 | 3916.68 | V-Cr-Fe- (3) 10 | 2 2-3-1-10 | L8-2-2-8 
| Gd 
500... | 3017.39 3917.32 Fe 5 ° 3 2 
75°. 3918.33 |f3918.31 | Ce-Mn | (2) 2 3-2 3-3 
600. . 3919.03 | |\3919.04 Fe-Cr | (3) 11 I 3-8 2-5 
500. . 3919.96 | 3919.96 Ce-Cr ° ° 3-1 3~ 
1000... | 3920.39 | 3920.41 Fe | 10 6 10 4 
600. . 3921.25 | 3921.19 Cr I 5 3 
O00... | 3921.73 | 3921.75 | La-Ti-Zr-| (3) 9 | I 5-5-5-3 10-2-3-3 
Ce 
500. 3922.60 | 3922.56 V I | I 5 3 
3923.06 | 3923.05 Fe 12d_ | 8 fe) 15 
400... 3924.22 | 3924.21 Mn | I I 2 2 
500... || 3925.01 | 3925.01 | Ti, V | (7) 8 I 8,9 
500... || 3925.75 | 3925.79 | « | I 
600... | 3926.12 | 3926.12 Fe- | ()7 I | 2- I- 
500... | 3926.99 | 3927.01 Cr- (3)1 | 
1000... | 3928.10 | 3928.08 Fe-} | 8 | 10 | «5-4 4-3 
500... | 3929.30 | 3929.31 | La-Fe (7) 4 I 6- 15 
1000... | 3930.39 | 3930.45 Fe | 8 8 | 15 4 
500...|| 3031.29 | 3931.27 | V-Ce-Fe (3) 2 I | 4-3-1 -2- 
§00...|| 3931.87 | .. I 
14000... | 3034.10 | 3933.82K Ca | 1000 100 | 500 10co 
750 3935-93 |(3934.98) Zr-Nd-Gd| I 1-4-6 4-3-2 
75°---|| 3936.38 |(3936.34)| Zr-La or I | 3-3 
goo. . 3938.40 | | 3038.51 | Cr | (236 6?* 2 I- 
600...) 3940.31 | ... I 
600... || 3941.01 | 3041.02 | Fe, Co 5 I 2,5 I-4 
} | 
2000...) 3044.17 | 3944. Al | 800 15 
600... 3944.85 3944.86 | Y-Dy | (2)3 3 | Li-1o 
000... 3945-33 | 3045.36 | Co-Fe | 3 | OF 5-1 
400... || 3940.57 | 3940.60/ - | | I 
600...|| 3947.88 | 3947.92 | Ti 2 2 | 10 3 
600...|| 3948.27 3948.25 | Fe- -Er-Sa | 5 I 2-3-3 I-I-3 
600...|, 3948.80 | 3948.82 | Ti 4 2 | «12 4 
75°...|) 3949.21 | 3949.20 | La I 4 20 50 
500...|| 3950.10 | 3950.10 Fe 5 2 3 2 
759. --|| 3950.47 | 3950.50 | 2 4 | 20 L20 
500...) 3951.34 3951.32 Nd-Fe 5 2 | 10-2 8-2 
° * Coincides with ghost of K. 
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TABLE I—Continued 
Wave-LENGTHS INTENSITIES 
HEIGHT OF 
CuRomo- SUBSTANCE 
SVHERE | Rowland Rowland | Chomo | Arc Spark 
km | 
600...|| 3952.11 | 3952.10; V 2 2 2 Lis 
600. . .|/[3952.80 |[3952.80 | Ce-Fe (?)7 2 8-2 7-2 
600. . .|/|3953-17 |\3953-16 | Co-Mn (4) 10 2 8-2 6-3 
400. || 3954-67 | 3954.68 | Ni-Mn 2 ° -I I- 
400. . 3955-51 | 3955.48 | Fe 5 ° I 
800. . | 3950.53 | 3950.54 | Ti-Ce-Fe| (?)8 6d 15-3-2 4-3-2 
400...|/ 3957-19 | 3957-18 Ca-Fe 7d? ° 10-1 2-1 
800...|/ 3958.37 | 3958.36 | Zr, Ti 5 8 3, 15 L20, 5 
3959.62 | 3959.03 | ()0 IN 
400...|| 3960.47 | 3960.42 | Fe 4 ° ee 
1500...|/ 3961.65 | 3961.67 | Al 20 20 1000 100 
600...|| 3964.63 | 3964.65 | Ti-Fe (7) 5 I 8-1 3- 
1000...|| 3964.86 | (3964.88) He ath 4 
500...|| 3965.65 3965.66 - 2 ° — 
500. . .|| 3906.72 3906.76 | Fe-Zr (3) 6 ° 3-5 2-3 
14000. ../|| 3968.92 |3968.62H | Ca 700 80 300 500 
Bs500...|| 3970.48 |3970.18He| He 5 60 
q 400...|| 3971.70 | ....... ° 
700. . -|| 3972.03 | 3972.05 | Eu-Gd | 1 50-4 50-3 
700. . q| 3972.41 | 3972.40 | Ni-Nd | (3)4 2 -2 I-2 
750...|| 3073-74 | 3973-70| Zr | 3 5 10 3 
500...|| 3974.70 | 3974.76 | Co-Er-Ni) (4) 13 I 4-15-2 4-5- 
500...|| 3976.85 | 3976.84 Cr 3 2 8 
§00...|| 3977-33 | 3977-34 | ° L3 
700...|| 3977-91 | 3977.89 | Fe-b 6 2 a 2-4 
500...|| 3978.74 | 3978.73 | Co, Ce | (7) 5 ° 3,3 3,3 
700...) 3979.63 | 3979.66 | Cr-Nd-Co 4 2 -5-4 L5-4-4 
40o...|| 3981.11 | 3981.12 | Ce-Nd I ° 2-1 3-3 
700...|| 3981.95 | 3981.92 | Ti 4 4 15 3 
800...| 3982.69 | 3982.70 | Y-Ti (2) 5 6 20-8 L20-3 
400...|| 3983.31 | 3983.34 | Ce-Er 2N ° 2-2 3-3 
600. . .|| {3983.81 |[3983.81 | Dy (ore) I 4 
650... | \3984.20 |\3984.17 | Fe-Mn | (?)6 2 2-1 2-1 
400...|| 3984.78 | 3984.81 | Zr-Ce 2 ° 3-3 3-3 
400...|/ 3985.50 | 3985.52 | Fe-Mn | (?)4 I I-2 I-3 
500. ..|| 3986.32 | 3986.32 | Fe-Nd 3 2 1-4 1-4 
500 3986.87 | 3986.90 | Mn-Zr 6 2 2-1 4-1 
500 3987.29 | 3987.24 | Co-Mn | (3)5 I 1-2 L3-4 
600 | 3987.70 | 3987.75 Ti 2 I Li 
500 3988.61 | 3988.66 La ° 6 15 30 
400 3989.23 | 3989. 23 - 2 ° 
600. . .|| {3989.91 | {3989.91 Ti 4 3 20 4 
600 (3990.26 ||\3990.24 | Cr-Nd-Co}| (3) 2 2 3-8-3 3-6-3 
700...|| 3991.30 | 3901.33 Zr-Cr 5 3-5 20-4 
500...|| 3991.79 | 3901. Co-Cr | (7)3 2 3-3 8-2 
400...|| 2992.43 | 3992.40 2 I 
i 400...|! 3993.00 | 3992.97 V-Cr 3d? I 10-3 6-3 
400...|| 3003.27 | 3903.25 Fe 2 ° 
400...|| 3903.94 | 3993.93 | Ti-Ce ° I 1-3 -4 
500...|| 3994.82 | 3004.83 Nd 2 2 8 5 
55°..-| 3905-45 | 3995.46 Co 5 3 20 20 
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440 S. A. MITCHELL 
TABLE I—Continued 
Wave-LenNcrTHS INTENSITIES 
HEIGHT OF 
CHROMO- | | SUBSTANCE 
| | Rowland Rowland | Arc Spark 
km | | 
$50. 3995-91 | 3995.90 La 1Nd? 3 10 5 
350... .|| 3996.71 | 3990.68 Sc fore) ° 15 3 
500 | 3997.10 | 3997.12 Fe 2 I reel I 
600... .|| 3907-55 | 3907-55 Fe 4 2 4 3 
500....|| 3998.11 | 3998.13 | Co-Fe (7) 8 2d 10-2 10-2 
800. ...|} 3998.88 | 3998.85 Ti-Zr (7) 5 4 20-4 | 4-20 
800....|| 3999.35 | 3909.39 V-Ce ° 8 -5 L3-6 
550....|| 4000.52 | 4000.51 | Fe-Y-Dy | 4 3d -1-20 -I-15 
500....|| 4001.29 | 4001.32 | Mn-Gd | 3 I 1-3 I-2 
500....|| 4001.79 | 4001.81 Fe-Ce 3 2 1-4 I-4 
400....|| 4002.48 | 4002.44 Fe-Ti | (4) 3 ° = i 
400....|| 4003.05 | 4003.08 V 2 I I 
500... .|| 4003.95 | 4003.91 | Ti-Ce 3 2 2-3 | 2-4 
400....|| 4004.58 | 4004.64 - () 0 ° 
500. . 4005.09 |{4005.07 | Gd-Fe | (3) 3 I | 
800. . 4005.42 4005.41 Fe 7 6 15 6 
800... .|||4oo5.88 | |4oos 86 V 3 6 2 L2o0 
500....|| 4006.43 | 4006.46 Fe 2 I I I 
500....|| 4006.88 | 4006.83 Fe- (7) 5 2 I I 
400....|| 4007.12 | 4007.14 V-Mn ° 1-3 -I 
600... .| 4007.48 | 4007.43 Fe 3 2 I I 
350....|| 4008.14 | 4008.14 Ti-Er (?) x ° | 2-10 1-4 
600. . 4008.95 | 4009.05 | Ti-Gd-Pr| (3) 6 2 10-3-15 4-3-8 
1000. . 4009.46 | (4009. 42) He ae ° i me 
800. . 4009.87 | 4009.86 Fe-V 3 2 2-2 2-1 
500. . 4010.58 | 4010.63 Ce- (7) 4 ° I- 2- 
250... 4011.33 | 4011.31 | Fe (3) 7 2d 
800. 4012.55 | 4012.56 | Ti-Cr (?) 4 15 I-2 L5-L6 
400. . 4012.93 | 4012.94 | Ti-Nd fore) ° 1-3 -2 
600. . 4013.90 | 4013.90 Ti-Fe (2) 8 1d 3-1 I- 
800. . 4014.67 | 4014.68 Sc-Fe | 5d? 3 6-2 8-2 
400, . 4015.08 | 4015.09 | Ce oNd? ° 3 4 
500. . | 4015.69 | 4015.71 Ni-Er-La (7) 4 1d -6-3 L2-3-1 
400... .|| 4017.33 | 4017.31 | V-Fe 4 I -I L3-1 
400... .|| (4017.95 acr7-92 | Ti ° 4 2 
4018.25 | Mn 7 10 8 
|(4o18.42 Fe 3 2 I I 
500... -|| 4019.18 | 4019.20 | V-Ce I I I-I 3-2 
400....|| 4019.46 | 4019.45 | Co ° 2 | 2 
400....|| 4020.20 | 4020.23 | Mn I ° I I 
500... || 4020.58 | 4020.55 Sc I 2 20 8 
§00....|| 4021.02 | 4021.06 | Co-Nd 3 2 8-4 5-4 
600....|| 4021.55 | 4021.49 | Nd | ° 2 4 4 
7OO....|| 4022.05 | 4022.02 | Ti-Fe | 5 4 4-2 2-2 
350. 4022.47 | 4022.50 | Gd-Ce-Fe| (?) 1 ° 3-2- | 3-2- 
500. 4023.16 | 4023.16 Nd | ° I 5 | 5 
750. 4023.56 | 4023.53 | V-Co | s 4 2-2 L20-L3 
750. 4023.80 | 4023.83 | Se | 2 2 30 8 
500. 4024.20 | 4024.21 Zr-Fe | (7) 3 ° 5S- | 3- 
750....|| 4024.75 | 4024.73| Ti | 3 3 10 3 
750 4025.28 | 4025.29 Ti-Ce 3 3 I-2 | L3-2 


i 
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TABLE I—Continued 


INTENSITIES 
HEIGHT OF 
CHROMO- || SUBSTANCE | 
Rowland | Rowland Arc | Spark 
| | | 
— 
km || 
6000... .|| 4026.47 | (4026.34) He 20 
400... .|| 4027.35 | 4027.40 Zr fore) ° 5 3 
500....|| 4027.81 | 4027.82 Ce I I I 3 
450....|| 4028.10 | 4028.09 ~ ° ° eae 
750... -|| 4028.50 | 4028.50 Ti-Ce 4 6 I-4 L6-4 
350....]| 402Q,12 | 4029.14 Zr 000 | ° 4 2 
500....|| 4029.74 | 4029.80 Zr-Fe 5 2 4-1 2-1 
JOo.... | 4030.62 | 4030.65 | Ti-Nd 5 | 4 8-4 2-4 
750... || 4030.93 | 4030.92 Mn 9 | 42 100 20 
500....|| 4031.40 | 4031.43 V-Ce (?) 2 | I 2-4 2-4 
600... .|| (4031.83 | (4031.86 La 2 2 { 5 20 
| 4031.94 | Nd-Mn 2 8-2 10-3 
4cc (4032.14 | (4032.12 Fe 2 ° | I I 
750. 4032.75 | 4032.73 | Fe-Dy | (?)6 2 1-4 1-4 
750 4033.21 | 4033.22 Mn 8d? 9 100 20 
750....|| 4034.61 | 4034.64 | Mn-Fe 6d 8 50-2 10- 
750... .|| (4035.70 | (4035.75 V-Co 2 3 { 2-8 L20-3 
4035.88 Mn 4 8 
750... .|||4036.08 ||4036.05 | Zr, Ti | (2) 1 3 |l 53 | 3,2 
400.. 4036.57 | 4036.52 ° ° 
350... .|| 4036.96 | 4036.92 V I ° I 4 
400... | 4037.46 | 4037.45 Gd fore) I 10 6 
350....|| 4038.70 | 4038.74 | Fe, Mn-| (4) 4 ° en re 
350... 4039.75 | 4039.73 | V-Gd ° | 3-2 
350....|| 4040.16 | 4040.19 V-Fe (?) 3 ° 
600. . | 4040.96 | 4040.94 | Ce-Nd 1d? 5 6-5 8-4 
600. . 4041.52 | 4041.52 | Mn-Fe-Zr| (3) 9 2d 20-1-2 10-I-I 
300.. | ....... ° 
600....|| 4042.76 | 4042.74 | Ce-b ° 2 53 | 5-3 
600... .|| 4043.01 | 4043.05 La ° 4 5 | 20 
500... .|| [4043.86 | [4043.84 Ti ° I I I 
500... .|/|4044.12 ||4044.09 Fe- (7) I I I 
500.. 4044.78 | 4044.77 Zr-Fe 3 1d? 5-1 | 3-1 
§00....|| 4045.51 | 4045.54 | Co-Er 5 2 8-3 | 
1000. . 4045.98 | 4045.98 Fe 30 15 50 | 5 
400....|| 4046.56 | 4046.55 | V-Ce | ° | 
600. . 4047.12 | 4047.17 - ooN I 
300. . 4047.48 | 4047.46 V-Fe 2 ° - | I- 
400.. 4047.82 | 4047.82 j oN re) 8 4 
400. . 4048.23 | 4048.22 - IN I 
600. . 4048.88 | 4048.88 | Zr-Mn-Fe 6d sd 4-8-2 10-7-L4 
500... 4049.60 | 4049.59 | Fe-Gd-Cr} (3) 4 I -8- -4- 
500. . 4049.95 | 4050.02 Gd fore) ° 10 6 
500... 4c50.46 | 4050.48 Zr ° 2 2 8 
300.. 4051.05 | 4051.10 fore) ° 
500.. 4052.24 | 4052.22 | Cr, Fe (7) 5 I -,- L3, - 
500. . 4052.62 | 4052.63 | Mn-Fe | (7) 5 I 2- 3- 
700. . 4053.48 | 4053.42 V-Gd 2 I | 2-5 2-5 
750....|| 4053.98 | 4053.98 | Ti-Fe 3 3 | tf Ls- 
500. ...||{4054.67 | (4054.71 S¢ ooN I 10 3 
500... .|/}4054.97 |) 4055.00 Fe (7) 5 2 | 2 a 
500... .|| (4055.22 |\4055.19 | Ti-Zr 3 r | 45 3-3 
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442 
TABLE I—Continued 
| | Wave-LENGTHS INTENSITIES 
HEIGHT OF} | 
CHROMO- || SUBSTANCE | 
SPHERE || Clhere | Rowland | Rowland | Chemo | Are Spark 
f4o5s.70 | Mn-Fe | 4-2 -L3 
600... .|| 4055.82 14055 .86 Zr | pa 4 3 
400....|| [4056.30 | {4056.28 V,Cr | ()1 ° 2 
400... .|||4056.69 |\4056.65 | Sc-Zr (?) 1 ° 3-1 -1 
400....|| 4057.24 | 4057.22 V ° I 5 3 
500. . 4057.63 | 4057.67 2 
450....|| 4058.32 | 4058.37 | Co-Ti-Gd 4 I 4-2-4 3-2-3 
500....|| 4059.07 | 4059.08 Mn | s 2 4 6 
450....|| 4059.58 | 4059.54 | Mn-Gd | 1Nd? ° 3-2 2-3 
450....|| 4059.88 | 4059.87 Er-Fe | 2 I 10- 4- 
450....|| 4060.47 | 4060.42 Ts | I I 5 3 
700....|| 4061.20 | 4061.24 Nd | -. 3 10 10 
400....|| 4062.28 | 4062.28 Ce- | @)o ° 2- 4- 
600... .|| [4062.65 | 4062.63 | Fe-Gd | (?)5 2 2-4 2-6 
400... .|||4062.99 | 4063.00 Cu- | ° 100- 10- 
— 900....|} 4063.70 | 4063.70 Fe (?) 24 12 30 10 
40o.. | 4064.77 | 4064.73 - I 
500.. 4065.46 | 4065.42 V-Ti | @s5 2 2-4 L6-3 
500....|| 4066.64 | 4066.63 Co-Fe | (7)4 2 5-1 s- 
500....|| 4067.21 | 4067.25 Ni-Fe (7) 8 4 -4 Ls-2 
500....|| 4067.57 | 4067.56 La [overe) ° 4 8 
450....|| 4068.15 | 4068.14 | Fe-Mn 6 I 2-2 I-2 
450....|| 4068.77 | 4068.79 | Co-Ce | (?)1 2 4-5 5-5 
450....|| 4069.34 | 4069.29 | Nd-Ti | ()2 2 4-1 4-1 
400.. 4069.75 | 4069.76 - I ° Sig iss 
400.. 4070.44 | 4070.43 | Mn-Gd | 3 I 4-10 3-5 
400.. 4071.05 | 4071.00 | Cr-Fe | (3) 5 1d -I L4-1 
goo....|| 4071.90 | 4071.91 Fe 15 10 20 
400....|| 4072.50 | 4072.53 Fe-V (3) 3 ° ey oe 
400....|| 4073.27 | 4073.29 Gd ° ° 4 4 
500. . (4073-55 Ce I 3 4 
500. . 4073.89 |\4073.92 | Gd-Fe 4 3 10-1 8-1 
350... 4074.45 | 4074.49 Ti-Nd oN I- 
500. . 4075.12 | 4075.07 | Nd-Fe | (2)5 2d |) 6-1 4-1 
400.. 4075.82 | 4075.86 Ce ° I 3 3 
500.. 4076.22 | 4076.17 | Cr-Ce-Fe| 4 2 I-3- 
40o.. 4076.66 | 4076.64 Fe-Zr 2 ° | 3-3 2-1 
6000. . 4077.98 | 4077.88 Sr 8 40 1000 L1000 
500... 4078.64 | 4078.63 Ti 3 3 8 4 
500.. 4079.26 |(4079.33 | Fe-La 2 I —2 -I 
600. . 4079.81 |{4079.78 | Mn-Fe | (2) 6 2 3- 
500... 4080.47 |(4080.37 | Fe, Nd 3 I 2 
500. . 4081.36 | 4081.38 | Zr-Ce-Er ° 2 10-4-8 5-4-3 
350.. 4082.37 |(4082.31 | Fe-Zr 2 ° -2 -2 
400... 4082.58 |} 4082.59 | Sc-Cr-Ti 3 I 15-5- 3-3-L2 
350... 4082.79 || 4082.75 Co ° ° 2 2 
400... ./| 4083.18 |{4083.14 | Mn-Ce | ° 4-3 6-5 
500.. 4083.62 
400.. 4083.97 ||4083.92 Y-Fe I I 8- 3- 
400.. 4084.24 | 4084.31 Zr- (7) 1 ° 2- 2- 
400.. 4084.64 | 4084.65 Fe 5 I 2 I 
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TABLE I—Continued 
Wave-LENGTHS INTENSITIES 
HEIGHT OF | 
CHROMO- SUBSTANCE 
Rowland Rowland Arc Spark 
km 
500....| 4085.32 | 4085.32 | Fe-Ce (3) 9 3 3-3 I-3 
; 450....| 4086.44 | 4086.47 | Co 3d? 2 10 8 
> 500....| 4086.79 | 4086.86 | La 4 10 20 
400....| 4087.22 | 4087.25 | Sc-Fe 3 I 3-1 
450....| 4088.71 | 4088.71 | Nd-Ce 3 2 2-1 I- 
400....| 4089.37 | 4089.37 | Fe 3 I and 
400....| 4090.05 | 4090.11 | Mn oNd? I 2 2 
500....| 4090.72 | 4090.71 V-Zr (4) 1 2 10-3 10-4 
400....| 4091.12 | 4091.11 Ce 3 I 2 2 
4 400....| 4091.69 | 4091.71 Fe 3 I oe 
500... | 4092.56 | 4092.55 | Co-Mn 3 8-1 10-3 
500....| 4092.87 | 4092.82 V-Ca 3d? 3 15-4 3-1 
400....| 4094.51 | 4094.57 Gd 2N ° 4 3 
400....| 4095.05 | 4095.09 Ca 4 I 6 2 
500....| 4096.17 | 4096.20 | Fe-Nd (7) 5 2 -3 1-3 
500....| 4097.96 | 4097.96 = (3) 1 ° tea 
$e 500....| 4098.33 | 4098.34 | Fe-Nd 5 3 1-3 1-3 
500....| 4098.98 | 4098.95 | Gd-Ca 000 2 15-10 6-2 
500....| 4099.95 | 4999.94 V 2 I 20 10 
8000....| 4102.00 | 4102.00 Hg 40N 70 : 
500....| 4103.10 | 4103.10 | Si, Mn I z, 2 1,2 
400....| 4103.65 | 4103.62 (4) 1 ° 
450....| 4104.27 | 4104.29 Fe 5 2 I I 
400....| 4104.65 | 4104.62 Co, V ° ° 
450....| 4105.21 | 4105.24 V-La (?) 3 3 10-3 5-1 
450....| 4106.49 | 4106.50 Fe (?) 4 2d ne 
450....| 4107.64*| 4107.65 | Ce-Fe-Zr 5 2 3-3-3 4-2-2 
400....| 4108.69 | 4108.69 | Nh, Er 2 ° 10, 2 2s 
600... .| 4109.37 | 4109.31 Nd (7) 4 3 13 14 
600....| 4109.88 | 4109.90 V 2 3 15 10 
A 500....| 4110.63 | 4110.69 Co 4 2 10 be) 
450....| 4111.62 | (4111.57)| Ce, Gd I 34 3.4 
450....| 4111.97 | 4111.94 V 4 2 30 4 
400....] 4112.45 | 4112.48 V-Fe 2 ° 2- 2- 
400....| 4112.89 | 4112.87 Ti I o. 5 a 
400....| 4113.24 | 4113.18 | Fe, Mn | (?)4 I ae -,2 
450....| 4114.00 | 4114.02 | Nd-Sa ooNd? 2d 3-3 4-3 
450....| 4114.73 | 4114.77 Fe-V (?) 6 3 2-2 1-2 
450....| 4115.35 | 4115.33 V 3 3 6 
400....| 4116.14 | 4116.14 Ni ° I I I 
450....| 4116.78 | 4116.74 V-Nd (3) 2 2d 15-4 5-4 
500....| 4118.02 | 4118.01 2 I 
600....| 4118.85 | 4118.85 | Co-Fe-V | (3) 11 5N 10-4-3 20-3-3 
350....1(4119.53 | (4119.55 V-Fe I ° - 3- 
350... .144119.74 |} 4119.75 - (?) 1 
350... .||4120.12 | (4120.08 Ti ° ° I I 
400....| 4120.35 | 4120.37 Fe 4 I I 
1000... .| 4120.93 | (4120.97) He 2 
500....| 4121.46 | 4121.48 Co 6d? 3 20 20 
* Coincides with ghost of H;. 
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TABLE I—Continued 


| | 


Wave-LENcTHS INTENSITIES 
CHROMO- || SUBSTANCE | 
Chromo | Rowland | Rowland | Chiomo- | Arc Spark 
km 
350....|| 4122.02 | 4122.05 | Ti, Cr (?) 4 1d a8 2,9 
500....|| 4122.80 | 4122.82 | - I 3 
650....|| 4123.45 | 4123.44 | La-V (?) 2 5 10-7 30-5 
500....]| 4123.93 | 4123.91 |Fe, Ce-Nd 5 1, 4-4 I, 5-4 
500....|| 4124.96 | 4124.94 | Ce ° 2 3 4 
400.... 4125.93 | 4125.90 ‘e- (3) 7 I 
400....|| 4126.35 | 4126.34 Fe 4 ° I aati 
400....|| 4126.66 | 4126.67 Cr 2 I 3 3 
550....|| 4127.86 | 4127.86 | Fe-Ce (7) 8 5 3-2 I-2 
§50....|| 4128.25 | 4128.25 V 6d 5 10 10 
550....|| 4128.91 | 4128.89 Nd 2 ° I 2 
400....|| 4129.41 | 4129.45 | Ce-Pr (2) 5 I 2-4 2-3 
550....|| 4129.88 | 4129.88 Eu I 5 100 100 
450....|| 4130.83 | 4130.80 Ba 2 2 100 L800 
400..../| 4131.46 | 4131.51 Cr ° ° I 2 
§50....||[4132.05 }[4132.10 V 2 2 10 fe) 
550... .||\4132.28 |\4132.24 Fe 10 2 15 4 
500... .|| 4133.05 | 4133.06 | Fe-Sc 4 I 2-4 a- 
500....|| 4133.93 | 4133-91 Fe-Ce (3) 5 2d 1-8 -10 
400....|| 4134.49 | 4134.54 V-Fe (2) 6 2 10-1 10- 
500....|! 4134.84 | 4134.84 Fe 5 5 3 2 
500....|| 4135.56 | 4135.53 | Nd,Ce | (?)1 2d? 8,3 7,3 
400....|| 4136.02 | 4135.97 | Zr-Ce | (?)1 I 3-1 2-2 
500....|| [4136.69 | 4136.68 | 4 a 
500... | (4137-21 | 4137.16 |Mn-Fe-Gd 6 3 -2-5 L3-8 - 
500. . 4137-79 | 4137-81 | Ce | I 4 4 10 
4oo....|] 4138.31 | 4138.32 | V-Ce | (@)1 ° 2-2 2-2 
400....|| 4139.08 | 4139.01 | - | ° I 
400....|| 4140.24 | 4140.24 | Fe- | (@)9 I I one 
4oo.... (4141.81 | {4141.81 | La | ° I 5 10 
400... .||44142.03 |{ 4142.02 | Fe | 4 I 
4oo....|| (4142.56 | 4142.54 | Cr-Ce (4) 8 2 
400....|| 4143.28 4143.21 Er-Pr | ()1 2 10-20 5-10 
|| {| (4143 .92)| He 
TOGO. - + Fe | { 15 5 
450....|| 4144.63 | 4144.67 | Ce-Nd oNd? 2 3-3 3-2 
450....|| 4145.13 | 4145.15 Ce ° 2 4 8 
400....|| 4145.37 | 4145.36 | Co I ° aa L3 
40o....| 4145.84 | 4145.84 | Cr-V () x I L6- 
400....|| 4146.23 | 4146.22 | Nd-Fe 3 2 2- 3- 
400....|| 4147.12 | 4147.14 | 2 ° 
400....|| 4147.69 | 4147.71 | Fe-Mn | (3)7 2 3-2 I-2 
400....|| 4148.98 | 4148.95 Mn ° I 2 3 
600... .|| 4149.37 | 4149.36 | Zr 2 8 6 30 
400....|| 4150.03 | 4150.06 Ce 00 2 10 10 
400.... | 4150.40 | 4150.41 4 ° 
400... {| 4150.68 | 4150.64 | Ti-Co (?) 2 I I- I- 
goo....|| 4151.18 | 4151.13 | Zr-Ti-Ce I 3 3-3-3 6-3-3 
500....|| 4152.23 | 4152.25 |La, Ce-Fe| (3) 6 ON 6, 4- 10, & 
350... || 4152.68*| 4152.66 Zr-Sc-C (3) 1 ° 3-8- 2- 


*Sixth edge of second cyanogen band. 
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TABLE I—Continued 
| Wave-Lencrus INTENSITIES 
HEIGHT } 
CHROMO- }) | | SUBSTANCE | 
SPHERE Cbromo- Rowland | Rowland | Chromo- Arc Spark 
| 
400....|) 4153-51 | 4153.54 | Fe-Sa | I 
§00....| 4154.09 | 4154.11 | Fe-Cr- | (3)7 2d 4-3- 2-3- 
500....| 4154.67 | 4154.67 | Fe | 4 3 4 a 
+ 4156.30 | 4156.34 | Zr-Nd- | (4) 5 8 4-10- 10-10- 
§00....| 4157.00 | 4156.97 | Fe | 3d? 3 4 a 
400....|| 4158.00 | 4157.95 | Fe | 5 3 3 I 
400....|| 4158.20 | 4158.17* | 00 I 
400....|| 4159.00 | 4158.96 | Fe | 5 2d? I 
350....|| 4159-40 | 4159.35} - | ° 
400....|| 4160.57 | 4160.59 | Co-Nd- | (?)3 od I-3- L8-4- 
400....|| 4161.23 | 4161.30 | Zr- | ()4 I 4- 
600... 4161.65 | 4161.68 Ti 4 5 13 
40o....|| 4162.79 | 4162.72 | Gd-Ce- | (2) 2N 2d 4-1 3-2 
‘ 650....|| 4163.82 | 4163.82 | Ti-Cr | 4 10 2-2 L20-4 
400....|| 4164.45 | 4164.46 CF | I 
350....|| 4164.88 | 4164.88 | Er-C | @)1 ° 2- I- 
400....|| 4165.33 | 4165.33 | Sc-C | 00 I 8- 
500... 4165.73 | 4165.76 | Ce I a 4 10 
- 400....|| 4166.16 | 4166.16 | Ba ° ° 10 100 
400....| (4167.00 | 4167.01 Ce A I 3 5 
4167.44 | 8 
1500. . | 4167.60 if 3 10 4 
400....||(4168.09 | 4168.08 | C-Nd-Dy| (?) 4 2d 2-2-20 3-3-4 
400....| 4168.91 | 4168.95 | - | (7)4 1d eats 
1500... 4169.20 | (4169.13) He | ° 
400....| (4169.96 | 4169.93 2 a 5 5 
350....|| 4170.52 ; 4170.51 | Cr-Nd | (3)1 ° I-2 2-2 
§00....|| 4171.21 | 4171.21 Ti | 4 3 3 2 
600. . || 4172.15 | 4172.07 Ti | 2 10d ? I Lis 
600 | 4172.83 | 4172.86 Fe- | (2)6 1d 2- I- 
’ 600 4173.64 | 4173.67.| Ti-Fe | ()6 10 -1 L3-L3 
aa 500 | 4174.10 | 4174.12 Ti-Fe (7) 4 1d -1 L2-1 
500....|| 4175°04 | 4175.06 | Fe-Cr | (7) 4 a 3-3 1-3 
500....|| 4175.80 | 4175.81 | Fe-Nd 5 3 3-4 2-5 
400....|| 4176.74 | 4176.74 |Fe-Mn-Ce 5 I 2-2-2 1-4-3 
7OO....|| 4177.70 | 4177.70 Y-Fe 3 12 15-2 L50-1 
600... .|| 4179.03 | 4179.02 Fe 3 8 L3 
600 4179.58 | 4179.54 | V-Pr 3d? 3 5-20 3-10 
400 4180.51 | 4180.56 C- I I od 
400 4180.98 | 4180.97 C 2N 2 
600 4181.97 | 4181.95 Fe- | ()8 3d 4 4 
450° 4182.52 | 4182.55 Fe 3 2 I I 
350 4182.90 | 4182.92 - 2 ° 
400 4183.54 | 4183.57 V-Zr (?) 3N 2d 1-3 Lio-3 
500... .|, 4184.35 | 4184.32 | Ti-Gd- | (3) 6 3d -10 Li-10 
g00....|| 4185.05 | 4185.06 | Fe-Nd-C 4 3 3-2- 2-4- 
“ 350....|| 4185.87 | 4185.89 C- (4) 1 I 


*Fifth edge of second cyanogen band. 
t Fourth edge of second cyanogen band. 
t Third edge of second cyanogen band. 
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TABLE I—Continued 


| 


Wave-LencrTus INTENSITIES 
CHROMO- | SUBSTANCE | | | 
Rowland Rowland | | Arc Spark 
km | | 
600....|} 4186.70 | 4186.78 | Ce-Zr 2N | 3 | 10-4 
600... .|| 4187.24 | 4187.20 Fe 6 4 8 4 
600... .|| 4187.93 | 4187.91 | Fe-Ti-Ni | (4) 10 | 4 10-5-1 | 4-3-L4 
400....|} 4188.89 | 4188.89 | Ti-Nd 4 | 2N 2-1 I-I 
400... .|| 4190.22 | 4190.22 Er-Mn-C | (2) 1 2 5-2- | 4-4 
350....)| 4190.85 | 4190.87 | Co-Er-C 1Nd? ° 5-5- | 3-3- 
550... .|| 4191.63 | 4191.68 Fe ?)9 sd 5 | 3 
350....|| 4192.20 | 4192.17 Cr-C ° ° 2- | 2- 
400....|| 4192.70 | 4192.73 -C 2N ° 
400....|| 4193.11 | 4193.07 C fore) I 
400....|| 4193.58 | 4193.58 Cc ?)o 2d 
400....|| 4194.00 | 4193.96 Ce-C ° I 2- | 3- 
350....|| 4194.60 | 4194.57 ec (4) 1 IN es 
450....|] 4195.12 | 4195.06 | Nd-Ce (?) 1 2 3-2 | 3-3 
450....|| 4195.66 | 4195.67 Fe-C (3) 8 2N 3z- I- 
500....|| 4196.75 | 4196.70 La 2 2 fe) | 10 
500....|| 4197.27 | 4197.26* 2 3 
400....|| 4197.80 | 4197.81 c fore) I 
600....|| 4198.41 | 4198.40 Fe- | (3) 10 sd 5- | 3- 
600....|} 4198.85 | 4198.80 | Ce-Fe-C 3 3 IO-I- | 6- 
600... .|| 4199.25 | 4199.27 | Zr-Fe 5 5 6-6 5-3 
500....|| 4200.10 | 4200.15 | Fe-Nd 2 I I-I ~3 j 
500... | 4200.83 | 4200.85 | Ti-Fe-C | (5) 5 3N 2-1- | 2- ! 
400....|| 4201.90 | 4201.87 | Mn-Ni I ° I-2 2- 
600... .|| 4202.29 | 4202.20 Fe 8 6 10 6 
400....|| 4202.59 | 4202.57 V-C oNd? ° 2- | 3- 
500....|| 4203.15 | 4203.10 | Ce-Sa oN 3 5-10 5-6 
400... .|| 4203.75 | 4203.73 Cr 2 ° 2 I 
500....|| 4204.14 | 4204.14 | Fe-La | (?)7 2 34 | 24 
400....|| 4204.84 | 4204.88 } I ° 5 Ls 
550....|| 4205.22 | 4205.21 V-Eu (?) 2 8 I-100 Lio-50 4 
450....|| 4205.70 | 4205.70 Nd 2 I 4 4 
400... .||(4206.44 | (4206.46 - ° ° | 
400... .||44206.99 |} 4207.03 Fe-Pr (3) 7 2d 2-20 | 2-15 
400... .|||4207.40 ||4207.36 Fe-C (7) 4 1d I- 
350....|| 4208.30 | 4208.27 Cc fore) ° 
350....|| 4208.75 | 4208.77 Fe 3 ° I I 
550....|| 4209.11 | 4209.14 Zr I 4 4 | L20 
350....|| 4209.87 | 4209.84 | V-Cr- | (3) 2 8-1- | 
500....|| 4210.53 | 4210.52 | Fe-Sa (2) 7 3d 48 | 3-3 
350....|| 4210.92 | 4210.86 Zr-C ° 3- 
400....|| 4211.41 | 4211.46 Nd-C (2) 1 ° 4- | 5- 
500. . | 4212.04 | 4212.05 Zr-C 2 3 3- 5- 
400....|| 4212.89 | 4212.84 Cr-C (7) 3N I 2- 2- 
500....|| 4213.81 | 4213.81 Fe-C 3 3N I- I- 
350. || 4214.22 | 4214.20 fore) ° 
| 4215.88 | 4215.87, Sr 5d? 40 500 | 
400....| 4216.32 | 4216.35 Fe 3d? I 3 I 
| 


* Second edge of second cyanogen band. 
t Edge of second cyanogen band at 4216.14. 
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TABLE I—Continued 
Wave-Lenctus INTENSITIES 
CHRoMO- SUBSTANCE | | 
| Rowland | Rowland | Chromo | Are Spark 
km | 
500....|| 4217.28 | 4217.36 Gd I 2 5 5 
500. . 4217.70 | 4217.72 | La-Cr 5 2 4-3 10-2 
400.. 4218.52 | 4218.56 | Zr, Er 1Nd I 3, 8 2,3 
400... 4218.84 | 4218.88 | V 3N I 2 2 
500. . 4219.56 | 4219.54 | Fe- (?)7 3 
450.. 4220.48 | 4220.51 | Fe 3 2 I I 
450.... | 4220.78 | 4220.81 Y-Sa fore) 2 10-8 1-4 
500.... | {4222.38 |f4222.38 | Fe 5 2 4 2 
500... .|||4223.10 || 4223.11 | Ce-Pr- | (5) 2 I 10-18 5-15 
400. . 4223.64 | 4223.69 | (?) 2 I 
450... 4224.35 | 4224.34 Fe-V 4 2 3-3 I-2 
400....|| 4224.83 | 4224.81 Cr (2) 5 1d | 
500....|| 4225.45 | 4225.49 V-Sa-Pr | 000 2 1-10-20 | L6-4-15 
5000... .|| 4226.90 | 4226.90 Ca 20d ? 25 1000 100 
4oo....|| 4227.88 | 4227 92 “— ° 2 10-2-3-3 | 4-3-4-3 
350....|| 4228.34 | (4228.35)| Nd ° 2 
350....|| 4228.84 | 4228.88 I I 
400....|| 4229.87 | 4229.86 | Fe-V-Sa | (3) 6 3d I-2-10 -3-4 
350....|| 4230.45 | 4230.41 Er ooNd ? ° 8 3 
500....|| 4231.18 | 4231.18 | La-Ni N 2 2-2 6-1 
400....|| 4232.60 | 4232.64 V-Nd ()0 I 5-5 5-5 
1000... .|| 4233.40 | 4233.33 Fe-Cr 4 20 nee L4-La 
400.. 4233.82 | 4233.77 Fe 6 I 6 3 
400... 4234.35 | 4234.38 | Nd, Ce oN I 3,2 4,32 
400. . 4235.37 | 4235.39 | Mn-Nd | (?)5 3 10-4 20-4 
400.. 4235.98 (?) 1 I 4-10 5-L6 
4230.11 e- \ 10-10 4-5 
Oso. 4230.24 \ 4236.28 Zr rf 6 { 4 2 
350 4236.72 | 4236.71 Zr fore) ° 3 — 
450... 4237.24 | 4237.25 | Fe-Sa- | (5) 6 2d I-10 -5 
500.. 4238.15 | 4238.19 | Fe-Sc 3 2 I-3 I-I 
500... 4238.55 | 4238.56 La INt? 2 20 10 
500.. 4239.02 | 4238.97 | Fe-Gd 5 2 3-4 2-4 
500.. 4240.05 | 4239.99 | Fe-Ce-Nd| (3) 7 3 2-5-4 1-5-4 
400. . 4240.68 | 4240.64 | Zr-Cr-Fe| (3) 4 od 8-2-1 3-2- 
400... 4241.26 | 4241.28 | Zr-Pr 2 I 4-10 -10 
600. . 4242.40 | 4242.45 — 3 3N es L6-L4-L3 
r 
400... 4242.91 | 4242.90 | Cr-Fe 2 I 3- 3- 
500. . 4243.32 | 4243.36 Nd 1d? 2 2 I 
400. . 4243.82 | 4243.75 | Fe-Zr-Gd| (3)-6 1d -I-2 -I-3 
400. . i ....... IN 
500. . 4245.44 | 4245.45 Fe- (7) 6 2 
- £00: . 4246.22 | 4246.21 Fe 2 I I I 
6000. . 4247.07 | 4247.00 Sc 5 30 50 100 
400....|| 4247.57 | 4247.59 | Fe, Nd 4 I 3, 10 2,8 
is Fe 2 2 I I 
550.. 4248.84 ||\4248.88 Ce 2N 3N 4 6 
400....|| 4249.68 | 4249.65 - IN I ae 
700... .|| [4250.32 Fe 8 4 fe) 4 
7OO....|||4251.01 |\4250.96 Fe ?) 9 5 15 6 
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TABLE I—Continued 


| 
Wave-LencrTus 


INTENSITIES 
HEIGHT oF | | 
CHROMO- | SUBSTANCE | | | 
Rowland | | Rowland | | Arc Spark 
km } | 
500....|| 4251.85 | 4251.84 | Mn-Gd | (?)0 2 | -10 | Ls-10 
500....|| 4252.62 | 4252.70 | Cr-Nd | © I 3 -4 | L3-7 
350...-|| 4253.12 | 4253-15 | - | (3)3 ° 
4253.55 | 4253.52 I 3,5 2,4 
..++|| 4254.52 | 4254.50 r | 15 5° 
350 4255.46 | 4255.42 on (4) 5 ° I-I-I-I I-I-I-I 
r | | 
500... .||[4256.05 [4255.99 Ce-Fe 2N I 2- 
500....| 4256.60 |\4256.58 Zr-Sa_| 00 I 3-10 2-5 
4257-49 | 4257 $2 | fore) ° 3 3 
ae 4257.81 | 4257 7.82 Mn 2 I 3 4 
40o....|| 4258.37 4258.34 | @)3 | 4N L8- 
400....|| 4258.74 | 4258.77 2 I -, 1 
400... 4259. 23 4259. 26 4 | -1-3 L.4-3- 
00....|| 4260.2 260.2 e | 2 I 
Ee. Fe 8 20 10 
500....|| 4261.58 | 4261.52 | Cr-Mn | (3) 4 I 2-1 I-I 
500.... 4261.98 | 4262.00 | Cr-Nd | (3) 4 2 -3 5-4 
400.... | 4263.35 | 4263.32 | Ti-Cr | (7)3 | I 8-3 4-3 
400...) 4264.48 | 4264.52 Fe~ (4) 7 1d I- yh 
4goo....| 4205.36 2 ° 1-3 
400....|| 4266.10 | 4266.0 Mn 2 I 3 5 
500....|| 4266.98 | 4267.03 | Fe-Nd (3) 4 | IN I-4 I-2 
350...-|| 4267.55 | 4267.54 - 2 
400....|| 4268.20 | 4268.20 r- | I | I 4 a 
500... .| 4268.77 | 4268.78 | V | ° 2 ! 8 10 
460... | | ° I 6 | 10 
400....|| 4209.83 | 4269.90 2 I 3 3 
400....|| 4270.35 | 4270.33 Ti-Ce | IN | I | <o 2-3 
350....|| 4272.93 | 4272.88 | Nd-V (?) 2 | I 4-1 | 2-1 
600....|| 4273.52 | 4273.55 | Zr-Fe | | + 
| Cr | 20 |  §0 30 
500... || 4275.70 | 4275.76 | La-Ce | (?)1 2 | 3-2 4-1 
450....|| 4276.80 | 4276.84 | Zr-Er | 3 I | 3-1 13 
400... 4277-15 4277-15 | IN I | 5 8 
00... .|| 4277. 277. 2 I 2- 2- 
400....| | | |Ti- Ce| 2 oN I-I-2 
450... .||(4279.81 | (4279.7 a- | (*)4 2 4 
ASO. [$280.20 | La, Ti- (3) 3 I | 4, 1- I, I- 
450... :4280.57 4280.56 Cr I I 3 
450... .|||4280.88 | 4280.86 Sa, Gd (?) 2 I 8 4-3 
450... .||(4281.23 | (4281.26 Mn | 2 3 5 
500... || 4282.10 | | 2N 2 
700....|| 4282.60 5 5 10 | 3 
700....| 4283.11 4283.17 | ‘a | 4 3 50 | 20 
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WAVE-LENGTHS OF THE CHROMOSPH ERE 


TABLE I—Continued 


Wave-LENGTHS INTENSITIES 
CHROMO- | SUBSTANCE | | 
Rowland | | Rowland | 4 Arc 
km 
500.... (4284.30 |(4284.34 Cr-V-Mn| (2) 3 2N | -8-2 
400....|||4284.96 ||4285.01 | Ti-Ni-Zr (3) 4 I 3-1-1 
400....| }4285.59 |}4285.61 | Fe-Ce | (3)5 a 1-2 
400. . 4286.04 |\4286.07 | Ti- 3 2 
500... 4286.58 || 4286.63 | V 3N I 2 
4oo....|| (4287.05 |(4287.11 | La- (4) 3 I 6 
6oo....|| 4288.11 | 4288.13 | Ti-V | (3)4 4N 3-2 
500....|| 4288.85 | 4288.89 | Ce ooN | I | 3 
500. . 4289.25 | 4289.24 | | 2 2 15 
{4289.52 Ca 4 5° 
1300. . 4289.78 4289.88 | Cr | 5 15 30 
1300.... | 4290.33 | 4290.38 | 2 | 15 2 
500....|| 4291.30 | 4291.30 Ti-Fe | (8) 9 3d 
§00.... | 4292.25 | 4292.29 | V-Mn | (4)6 3d} 8- 
500... .|| 4293.19 | 4293.24 | Zr- | 
1200....|| 4294.23 | 4294.27 Ti, Fe | (2)7 15 | se 
500... | Zr-Se | 2 a 45 
|\4295.29 | Dy- | | 2 8- 
§00.... | 4296.07 | 4296.06 | Ti-V-La-| (3) 4 3d 10-5-8-5 
Gd | 
600. . 4296.83 | 4296.80 | Fe, Zr-Ce} (3) 4 5 -2-8 
400... .|| (4297.23 [4207.29 | Cr-Gd | (4)7 I 2-3 
400... . 44297.90 {4297.91 | Cr-V-Pr ° I 3-3-8 
400... (4298.36 | I I 
500....|| 4298.88 | 4298.90 | Ti- (4) 4 a 12- 
550....|| 4299.18 | 4299.15 | Ca 3 3 | 30 
§50....|| 4209.43 | 4200.41 | Ti, Fe 4 3 4, 15 
1200....|| 4300.31 | 4300.31 | Ti-Mn-Ce| (3) 5 15 3-4- 
500... || 4301.24 4301. 26 | Ti 4 2 15 
750....|| 4302.10 | 4302.08 | Ti-Zr 2 5 2-2 
750....|| 4302.75 | 4302.69 Ca 4 2 | 100 
750....|| 4303.41 | 4303.42 Fe- (?) 3 3d ee 
400....|| 4303.93 | 4303.91 | Nd-Er | (?) 3 I 20-3 
450... .|| 4304.65 | 4304.67 | Nd-Fe (*)3 I 4-1 
600....|| 4305.62 | 4305.61 Sr 3 3 | 20 
600... .|| 4305 .98 4306.01 | Ti-Sc-Pr| (3) 7 4d | 20-8-20 
| 4306.43 | (4306.45)| V-Gd ° 4-4 
§00....|| 4306.89 | 4306.86 | Ce-Nd 2 2 4-2 
§00....!| 4307.55 (7) 4N I 
4307.91 a 3 30 
75°. 4308.o1G (4308.08 | Fe-Ti 6 TS 30-4 
500....|| 4309.05 |(4309.00 | Zr-Fe | (3) 5 | 2-1 
600... .|| 4309.78 |/4309.79 I 4 20 
450....| [4310.55 )4310.54 Ti 2 ° I 
450... .||}4310.92 || 4310.86 Ce 2 ° I 
§00..../|)4311.72 ||4311.72 | Ti-Ce- | (3)6 I I-I- 
450... 4312.24 |\4312.25 2 ° 
600... .|| 4312.98 | 4313.03 Ti 3 | 10 a 
800....|| 4314.24 | 4314.25 Sc 3 | 10 30 
Boo... 4315.13 | 4315.14 Ti | 3 | 12 I 
400.. || 4316.12 | 4316.11 | Gd-La | 00 ° 5-2 
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45° S. A. MITCHELL 


TABLE I—Continued 


| Wave-LENGTHS INTENSITIES 
|| Chromo- | Chromo- | 
| sphere Rowland Rowland | sphere Arc Spark 
km | 
goo....|| 4986.80 | ....... 2 
§00....) 4317-36 | 4317.35 |  Zr-_ | I » 6- 
600....|| 4318.91 4318.82 Ca, Ti-V | 4 4 | 50, 10-4 | 30, 3-1 
800... .|| 4320.93 | 4320.91 Se 3 15 | 20 | 20 
500....|| 4321.76 | 4321.81 | Ti ° I | 8 3 
500....|| 4322.58 | 4322.60} La-}J ()1 I 6-1 | 5-2 
400....| [4323.36 | [4323.32 - (4) 4 
400.... 4323.89 |(4323-02 - ()4 | od | 
750....|| 4325.18 | 4325.15 | Se 4 6 20 20 
900....|| 4325.95 | 4325.04 | Fe-Nd 8 12 | 30-15 | 15-5 
450...- | 4327.20 | 4327.27 | Fe, Gd 3 I | I, 10 | 1,4 
500.... | 4327.97 | 4327.96 - 00 | 
§00.... 4329.10 | 4329.10 | (3) 1 
600... 4330.23 | 4330.19 | oN 2 | 10 | 8 
600... .|| 4330.82 | 4330.87 | Ti 2 
500.... | 4331.82 | 4331.81 | Ni 2 I 3 | 2 
§00....|| 4332.96 | 4332.90 | J ° I | fe) 8 
500....|| 4333.88 | 4333.92 | La IN 5 20 | 15 : 
500....| 4335-43 | 4335-43 | 
500....|| 4336.12 | 4336.08 | fore) I 
600....|| 4337.28 | 4337-22 | Fe 5 2 6 2 
Q0o....|| 4338.04 | 4338.08 Ti 4 15 | 2 Lio 
450....|| 4338.83 | 4338.85 | Nd-Pr | o- I | 6-4 5-4 
8000. 4341.17 4340.63 | Hy 20N 80 
350....|| 4342.29 | 4342.35 Gd ° 1N | 10 | 10 
500....|| 4343.25 | ....... 2N 
400....| 4343.79 | 4343.86 Fe | 2 I 
600....|| 4344.55 | 4344.60 | Ti,Cr | ()6 5 1-10 | L3-10 
400.... 4346.95 | 4346.00, Cr | 1 ° i 
400.... 4347.55 | 4347.55 | Gd- | (’) 2 od 3 | 3 
500....|| 4348.06 | 4348.05 | Zr-Sa-Fe | (?) 3 2 3-10-t | 3-6- 
400....|/ 4349.10 | 4349.11 | Fe-Zr | 2 I 1-2 -I 4 
400....|, 4349.90 | 4349.97 Ti-Ce | 00 I -4 L2-6 
400....) 4351.30 | 4351.27 | Cr-Nd | ()3 2 8-10 | 4-8 
600... .|| 4352.02 | | (2) 10 12 15, 10 10, 2 
4352.91 | ¢ | 4 4 2 
4352.97 4383.04 | V o sd? 10 | 6 
350....|| 4353-80 | 4353.77 | Ce-La | (4) 1 
400....) [4354.34 |[4354.33 | Ti-Nd | (4) 1 ON | 21 [| 
§00....| |4354.90 |\4354.90 | SeV | ()2 3 | 32 | 53 
350....|| 4355-24 | 4355.26| Eu | 2 | 4 | 3 
350....|/ 4356.17 | 4356.16 | V-Nd | I 2 33 | 33 
350....|| 4356.88 | 4356.86 | (4) 2 I 
500....|| 4358.29 | 4358.27 Nd- (4) 2 2N 10- | 8- 
500..../|| 4358.90 | 4358.88 Y-Zr ° 4 8-3 | Lio-a 
500....| 4359.81 | 4359.82 Cr, Zr (2) 4 5 10,6 | 6,Lr5 
350... . [4300.53 | [4360.54 Ti- | (@)2 ° 
400 || \4361.03 ||4360.96 Zr I ° 5 2 
g50.....|| 4362.35 | ....... oN 
400 4362.72 | 4362.69 - I 7 
450....|) 4363.34 | 4363.27 Cr | IN 2 3 a 
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WAVE-LENGTHS OF THE CHROMOSPHERE 451 


TABLE I—Continued 


Wave-LeNcTHS | | INTENSITIES 
CuRoMo- | SUBSTANCE 
Rowland | Rowland Arc Spark 
km | | 

450....|| 4364.35 | 4364.35 | V-Nd r | 2 2-3 3-3 

450....| 4364.82 | 4364.83 | Ce-La 00 2 8-3 5-3 

350....|| 4365.49 | 4365.53 - (2) ° 

350....|| 4365.99 | 4366.06 Fe 2 ° I 

400....|| 4366.72 | 4366.75 Zr- (7) 2 2d 5- 3" 

500....|, 4367.89 | 4367.84 Ti 2 4 I L6 

350....|| 4368.11, | 4368.11 Fe,V | ()3 ° 1,4 
400....|| 4368.65 | 4368.63 | V-Nd-Pr, (?) 1 ° 2-4-10 3-4-10 

400....) 4369.55 | 4309.57 Er | 1 I 2 2 

500....|) 4369.88 | 4369.93 | Fe-Ti-Gd | (?) 5 4 3-3-5 2-2-4 

500....|| 4371-17 | 4371.14 Zr I 3 4 Lis 

400....|| 4371.44 | 4371.44 Cr | 2 I 10 8 

350....|| 4372.94 | 4873.97 oN 

400....| 4372.41 | 4372.50 Ti od? ° 2 2 

400....|| 4373.73 | 4373-73 Fe | 2 IN I = 

550...-|| 4374-65 | 4374.63 Sc | 3 10 20 30 

: 550....|| 4375.16 | 4375.10 Y-Nd | 2 15 50-10 100-6 

‘ 500....|| 4376.16 | 4376.11 Fe-Ce 6 6 5-8 2-3 
450.... {4370.97 Cr IN 2 2 
400....| 4377.40 ||4377.38 2N I 
350....|| 4377-97 | 4377-95 Fe I ° 
400....|| 4378.42 | 4378.42 | Cu-Sa-Er | 2Nd? 2 20-4-2 20-4-2 
45°....|| 4379-41 | 4379.40 V | 4 3 30 30 
400....| 4379.92 | 4379-93 Zr ° 2 I L4 
400....|| 4380.87 | 4380.88 Gd 2Nd I 2 3 
350....|| 4381.35 | 4381.33 Cr (4) 1 ° 
460....1] 4960.90 | ....... | ° 
450....|| 4382.32 | 4382.32 | Ce-Er 00 2 10-3 5-2 
400 || 4383.15 | 4383.16 = | ° ° 
1600 4383.70 | 4383.72 Fe | 15 100 20 
400 4384.43 |(4384.48 | Ni-Pr | (3) 2 I 3-3 2-3 

45°... | 4384.85 |) 4384.87 2 30 30 
400... 4385.30 ||4385.24 | Cr-La | (3)4 ° 8-2 5-3 
600. . | 4385.60 4385.55 Fe 2 5 L3 
450 4386.07 | 4387.01 Ti-Ce I 3 -10 Ls-2 
400 | 4387.65 | 4387.66 Cr ° ° 3 2 
2000 || 4388.04 | (4388.10) He 2 ne ES 
400... | 4388.55 | 4388.57 | Fe-Er 3 2 2-1 1-3 
400... | 4389.40 | 4389.41 Fe 2 ° I ea 
400... 4390.11 | 4390.15 2 2 20 20 
350....|| 4390.63 | 4390.65 _ Fe- (?) 2 I 
500 | 4391.12 | 4301.15 Ti-Fe-Gd- (7) 3 3d -1-3-10 | L2-1-3-10 

Sa | 
500... || 4391.83 | 4391.89 | Cr-Ce (?) 2 3 3-8 2-8 
400 4393-17 | 4393.20 V ° o | 2 - 

4 500 | 4394-17 | 4394.19 Ti (2) 3 3 4 
2500 | 4395-29 | 4395.29 | Ti-V-Zr | (2) 5 25 10-15-3 | L20-10-2 
500....|/ 4396.05 | 4396.01 Ti I 2 Be L2 

350....|| 4396.73 | 4396.79 00 
400....|) 4307-34 | 4397531 oN 
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452 S. A. MITCHELL 
TABLE I—Continued 
Wave-LeNcrTHs | INTENSITIES 
CHROMO- | | SUBSTANCE | 
Rowland Rowland | Arc Spark 
km 

[4398.18 8 10 15 
800. . 4399-95 | 4399.98 Ti 3 | 12 3 L7 
800. . 4400.68 | 4400.60 Se, (7) 4 | 20, 10 20, 10 
360.. 4401.08 | 4401.02 | Nd-Ni oN ° 10-I 5-1 
400. 4401.73 | 4401.71 Ni 2 6 15 8 
350.. 4402.95 | ..... = ° 
400... 4403.52 | 4403.53 | Zr-Cr 3d 
400. . 4404.43 | 4404.43 IN 2 10 4 
800. . 4404.95 | 4404.93 Fe | to 15 50 15 
350 4405.92 | 4405.90 Pr oNd? ° 8 5 
350... 4400.2 4406. 32 V ° ° 3 3 
400. . 4406.84 | 4406.81 V-Gd 2 2 10-5 5-10 
340... 4407.20 | 4407.16 | Nd-Eu fete) ° 3-1 2-5 
450. 4407.83 | 4407.81 | V 2 2 I 4 
450 4408.48 | 4408.54 V ()4 4d 23 | 16 
400. . 4408.82 | 4408.82 00 I 
400. 4499.54 4409.56 Ti-Er (3) 1 | 2 —§ 2-2 
300 4410.29 | 4410.33 ooN ° 
500. . 4410.69 | 4410.68 Ni 2 2 5 I 
500. . 4411.24 | 4411.24 | Ti-Cr-Nd I 4 -2-8 L5-2-5 
400... 4412.00 | 4412.07 | Ti-Mn | (2) 2 ° -3 I-2 
500... 4412.31 | 4412.35 (2) 1 2 4- 
350....| 4413.73 | 4413.76 - 
350 4414.28 | 4414.28 | Zr, Gd fore) | ° 2,4 3,2 
350.. 4414.79 | 4414.71 Zr co | 2 3 4 
500. 4415.26 | 4415.29 Fe 8 | 10 20 20 
500. 4415.69 | 4415.72 Oe 3 | 10 20 20 
500. 4417.00 | 4416.08 Ce- 2 8 3- 3- 
450.. 4417.38 | 4417.45 Ti ° I 5 a 
500. . 4417.87 | 4417.88 Ti 3 2 L6 
500.. 4415.36 | ....... 2 
350... 4419.03 | 4419.02 Ce, Gd (2) 1 I 5,8 
300. 4419.82 | 4419.77 Er-Pr 000 ° 10-4 10-3 
300. 4420.13 | 4420.10 V ooN I 3 3 
400. 4420.68 | 4420.69 Zr-Sa fore) 2 4-10 2-6 
350... 4421.41 | 4421.39 Gd-Sa-Pr| (?)0 ° 3-10-4 8-5-3 
450. 4422.07 | 4422.04 Ti | (@)1 2 2 L3 
500. 4422.77 | 4422.74 Yy 3 3 10 Lio 
350... 4423.37 4423.34 V-Fe (?) 2 I 3- 
350.. 4423.98 | 4424.01 Fe? | 2 I a | een 
400. . 4424.51 | 4424.46 | Sa,Cr ° 3 20,3 | 10,2 
600. . 4425.48 | 4425.61 Ca | 4 5 100 |} 20 
400.. 44960:05 | ....... I | 
400... 4426.2 4426.20 Ti-V | oNd? I 4-4 2-4 
400. 4426.82 | 4426.84 Er oooNd ? oN 3 I 
600. 4427.43 | 4427.42 | Ti, Fe | 10 10, 8 4,2 
350 4427.91 | 4427.91 La-Ce (3)o0 I | 3-4 | 8-3 
350 4428.55 | 4428.62 V-Ce (?)1 I | 5-4 4-3 
350 4429.33 | 4429.37. Ce-Pr oo 2 | 8-30 5-15 
450 4430.15 | 4430.15 La ?)oN | 4 | 20 10 
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WAVE-LENGTHS OF THE CHROMOSPHERE 453 


TABLE I—Continued 


Wave-LencrTus | INTENSITIES 
HEIGHT OF Peed 
CHROMO- 
Chromo Rowland | | Rowland Arc Spark 
km | 
450.... 4430.70 | 4430.79 | Fe-Gd 3 2 5-5 1-2 
350....|| 4431.45 | 4431.44 Ti-Sc (3) 1 I 2-2 I-3 
4 350....|| 4431.81 | 4431.78 | ° 
350....| 4432.37 | 4432.33 Cr | ° 2 2 
300... 4432.86 | 4432.90 | 00 
350...-| 4433.36 | 4433.30 Fe | 3 2 4 I 
( 350....| 4434.04 | 4434.02 Ti-Fe-Sa| (3) 2 2d 4-I-10 3-6 
300....|| 4434.48 | 4434.50 Sa fore) I 20 
600.... 4435-14 | 4435.13 sa 5 7 j 100 20 
(4435-74) Lu 5° 3° 
600... 4435-081) 1435.85 Ca 4 f 50 15 
350....|| 4430.35 | 4430.31 V-Gd ° 2 5-4 5-16 
350... 11 2d? 2 3 I 
{ —* 4437 86, 4437 .86 V | @1 f 1d 10 6 
350 4438.39 | 4438.39 Sr, Zr, Ti) (3) 2 I 20,3,2 | 4,2,1 
300....| 4438.73 | 4438.74 | G)o ° 
300. 4439-47 | 4430.52 00 ° 
300....|| 4440.00 | 4440.05 Fe | I ° bes 
350..-- 4440.53 | 4440.59 Zr-Ti | I 3 3-4 L5-a 
300....|| 4441.08 | 4441.04 Ce-Fe (?) 2 1d 3- 2- 
350..-.-.|| 4441.90 | 4441.88 V 3Nd? 3 10 8 
350....|| 4442.49 | 4442.51 Fe 6 3 8 2 
400.... | 4443-19 | 4443.16 Zr | 0 3 5 Li5 
1600.... 4444.01 | 4443.98 Ti 5 20 4 Lis 
450... 4444.76 | 4444.73 Ce-Ti 2 4 7-1 
300.... [4445.39 ° 
300....| \4445.83 | 4445.84 00 ° 
350....|| 4446.39 | 4446.41 Nd fore) 3 fe) 10 
350....|| 4447.17 | 4447.16 Fe, Mn | 2d 2-1 -4 
450.... 4447.89 | 4447.89 Fe 6 4 8 2 
400... 4449.34 | 4449.31 Ti 2 | 4 10 5 
350...-|| 4449.85 | 4449.88 V-Pr-Dy fore) 2 2-10-10 3-4-4 
600....|) 4450.53 | 4450.59 Ti-Zr 3 8 1-3 L4-2 
350.... | 4450.93 | 4450.92 Ce fore) 2 8 4 
500.... | 4451.71 | 4451.75 = 3 3 2-5-10 | L3-10-10 
300....|| 4452.17 | 4452.17 V oN I 10 10 
400... .|} 4452.92 4452.90 Sa- | 1d 5- 
350....|| 4453.46 | 4453.49 Ti | 2 I 8 3 
350....|| 4453.88 | 4453.88 Ti =| I I 8 
500.... | 4454.57 | 4454.55 | Zr-Fe | 3 2 “8 L2-1 
§00....| 4454.03 | 4454.95 | Ca-Zr | § 6 200-4 30-5 
400....) 4455.45 | 4455.48 | Ti-Mn | 2 2 12- 4-3 
500....| 4456.02 | 4456.03 Mn,Ca | (?) 5 3d 3, 20 3, 15 
350....|| 4456.68 | 4456.70 V, Nd, Ca (?) 3 IN 2, 3,8 
300 4457.20 | 4457.21 Mn | ° ° 4 
500....|| 4457.68 | 4457 .66 —” (?) 4 3d 15-3-4-4 | 5-5-3-4 
| Mn 
300 4458.24 | 4458.24 | ° 
350..-. | 4458.76 | 4458.69 Cr-Sa | ° ° 3-8 3-6 
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454 S. A. MITCHELL 


TABLE I—Continued 


WaveE-LENGTHS INTENSITIES 

HEIGHT OF 

CHROMO- | | SUBSTANCE | 2 

| Rowland | Rowland | Arc Spark 

km | | 

450....!| 4459.27 | 4459.26 | Ni, Fe | (2) 5 10, IO 8,3 

300..../| 4459.52 | 4459.52 | Cr I ° I Ste 

350..--| 4459.97 | 4459.92 | I I of 

350....|| 4460.53 | 4460.49 | V,Ce | (2)1 4 | 10,10 | 10, 10 f 
350....|| 4461.28 | 4461.30 |Mn, Zr,Ce| (2) 2 2 | 5-5 | 4-Lr-14 

500....|| 4461.75 | 4461.82 | Fe | 4 4 10 2 
350....|| 4462.14 | 4462.16 | Fe, Mn 3Nd? 2 -10 | L2-8 
350....|| 4462.68 | 4462.62 | V-Ni | I I 8-8 10-3 

350....|| 4463.18 | 4463.15 | Nd fore) 2 10 15 

350....|| 4463.67 | 4463.63 | Ti-Ni-Ce| (?) 1 2 8-1-5 2-4 
500 4404.72 | 4464.73 | Ti-Mn | (?)4 6d | 1-8 L3-5 

300 4465.46 | 4465.52 Cr ° ° 2 ee 

350 4465.88 | 4465.91 Ti-Nd | (?) 1 I 5-3 | 3-3 

500 4466.75 | 4466.73 Fe | 5 4 10 | 3 : 
300 4467.09 | 4467.10 | Co-Zr I ° 5-3 | 3-2 

350 4467.46 4467.50 Sa | 0 I 10 | 10 

300 4467.94 | 4467.96 | V-Nd-Ce| (3) 1 ° 3-3-4 | 3-3-3 

1500 4468.71 | 4468.66 Ti 5 20 4 | Lrs5 

400 4469.53 4469.54 4 2 

350 4469.76 | 4469.7 Co, I ()1 ° 5-5 8-8 

350 4470.27 | 4470.30 Mn I ° . 4 = 

400 4470.63 | 4470.65  Ni-Zr 2 2 | 10-4 | 3-3 

7500 4471.71 | 4471.65 He 40 L a ae 

300....|| 4472.55 | 4472.58 Sa =| ° 4 3 
400.... | 4473.04 | 4472.97 Mn-Ce-Fe (3) 2 4 8-4- | 3-3- 

300....|| 4474.21 | 4474.21 | V fore) ° 4 5 

300.... 4474-90 | 4474.91 ve I 5 5 

300 4475.71 | 4475.74 | Ti-Nd fore) ° I-I I- 

500 4470.20 4476.18 | Fe 4 5 10 4 

300 4476.97 | ....... ° 

300 4477-42 | 4477-43 | Y-Pr | @o od | 46 2-3 

g00.... 4478.13 | 4478.19 - ° I 

300.... | 4478.89 | 4478.89 Mn-Gd-Sa| (?)0 ° | =4-5 L2-5-5 

350....|| 4479.72 4479.74 Ce-Ti-Mn| (3) 2 2d 10-4-I 4-2-1 

350.... 4480.24 | 4480.25 V (7) 1 I | 3 3 

300 4480.70 4480.75 Ti-Ni oN ° 3-1 I- 

400 4481.39 | 4481.40 Mg, Ti | (?)1 gd? | -,8 L50, 3 

500 4482.39 | 4482.38 Fe (2) 8 5 | 10 4 

300 4482.87 4482.90 | Ti I 2 3 2 

300 4483.45 | ° 

350 4484.29 | 4484.34 | Fe-Ce | (?)4 2N 4-4 4-2 

350 4485.82 | 4485.85 Fe 3 3 2 I A 
350 4487.09 | 4487.08 Ce ° 3 10 4 

300 4487.53 | 4487-53| ¥ 00 ° 7 6 

350 4488.40 | 4488.40 | Ti (?) 2 3 I L6 

300 | 4688.96 | ....... 

4oo.... | 4489.37 | 4489.35 Fe 2 | 6 Lr 

400 | 4489.89 | 4489.91 Fe 4 I I 

400 | 4490.26 | 4490.25 | Mn-Fe 3N 2 5-1 3-1 

350 | 4490.82 | 4490.88 | Fe-Ni (?) 2 I I-I I- 

450 | 4491.63 | 4491.57 | Fe 2 6 L2 
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WAVE-LENGTHS OF THE CHROMOSPHERE 455 
TABLE I—Continued 
WaveE-LENGTHS INTENSITIES 
HEIGHT OF 
CHROMO- | SUBSTANCE | | 
SPRERE ~ Rowland | Rowland | Arc Spark 
km 
350. 4492.66 | 4492.66 Cr-Fe (2) 1 id | ae 2- 
350... 4493.07 | 4493.70 | Ba I | 2 6 I 
300. 4494.14 4494.18 (?) 1 ° 
400 4494.71 | 4404.74 | Fe-Zr 6 | 3 | wr | s-Lrs 
350 4495.53 | 4495.54 Ce-Ti 3 I | 
350... 4499.32 | 4496.32 Ti-\ I 2 |} 03 | 3-6 
400. 4497-11 | 4407-14 Zr ° 3 3 15 
300 4498.11 | 4408.03 Ce, Nd 000 ° | 33 3.3 
350 [4499.02 | 4499.07 Mn I ° 8 4 
35° (4499.62 | 4499.67 Sa 000 ° 4 3 
35° 4500.43 | 4500.45 Cr ° I 3 a 
1600. . 4501.45 | 4501.45 Ti 5 | 20 4 Lis 
300. 4501.97 | 4501.95 Nd oNd? ° | 8 5 
“300 4502.45 | 4502.39 Mn 2 ° 8 4 
300... 4505.00 | 4505.00 | Fe I ° I I 
350... 4505.56 | 4505.52 | od 
300....|| 4506.51 | 4506.50 | Gd-Ti fete) ° 7-1 4-1 
350 4500.92 | 4506.90 Mn- | (3)1 id | - | ... 
300... 4507.47 | 4507.40 Zr ° ° | 10 3 
600 4508.49 | 4508.46 | Fe 4 8 Pee Ls 
300... 4509.46 | 4509.46 | Ni-V oN | I -I | La-a 
300. 4510.04 | 4509.09, ()1 
300... 4511.26 | 4511.23 Ti fore) ° 2 I 
450.. 4512.90 | 4512.91 Ti 3 2 |} 15 | 4 
350... 4514.56 | 4514.51 | Cr-V-Gd (3) 3 2d | 82-3 | 3-3-5 
600. . 4515.48 | 4515.51 Fe 6 
300..... 4516.45 | 4516.44 Nd oN ° 3 3 
350... -| [4517.72 | 4517.70 Fe | I 2 | I 
400 4518.20 | 4518.20 Ti 3 2 | 45 4 
400. 4518.47 | 4518.51 - I 3 | ate a 
600....| 4520.38 | 4520.40 | Fe 3 8 | I L3 
400....|! 4521.35 | 4521.30 | Cr ° I 2 2 
350.. 4522.50 | 4522.54 La 7 oo | I 8 15 
600. . 4522.83 | 4522.83 | Fe-Ti-Eu| (3) 6 12 | 2-15-20 | L6-4-L20 
35° 4523.23 | 4523.25 | CeS@ | | I 5-8 4-4 
350 4524.05 | 4524.09 | Sa co 8 5 
350. 4524.81 4524.86 | - ° I a 
350 4525.31 | 4525.31 | Fe-Ba | § 3 4-10 3-50 
350 4526.26 | 4526.27 | la | ° I 5 8 
350... 4527.10 | 4527.10 | Ca-Er | 3 I 20-3 2-3 
400... 4527.49 | 4527.49 | TiCe | 3 #| 3 15-10 4-5 
400... 4528.76 | 4528.80, Fe-V | 8 | 5 10-1 6-L6 
400... 4529.71 | 4520.74 Ti-V-Al | (3) 3 4d -3- L3-2-L8 
400... 4531.08 | 4531.12 | Co 2 I 15 10 
4oo....|| 4531.33 | 4531-33 | Fe | 3 5 2 
350... 4531.80 | 4531.80 | Fe 2 I cre 
400.... 4533.34 | 4533-32 | Ti- | 2d 20- 5- 
— 1200.. 4534.20 | 4534.17 | Ti-Co (7) 7 2-3 L5-4 
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TABLE I—Continued 
Wave-LENGTHS INTENSITIES 
HEIGHT OF| _ : 
CHROMO- | SUBSTANCE | 
| Rowland Rowland Arc Spark 
| 
km 
4oo....|, 4534.80 | 4534.95 Ti 4 2 | 4 
400....|| 4535.74 | 4535-74 Ti 3 3 | 8 | 3 
400....|| 4530.15 | 4536.16 Ti (2) 4 3 | 20 4 
300... 4539.72 | 4536.68 Sa fore) ° 4 | 2 
300...-| 4537-34 | 4537-30 | 00 r I 
350....|| 4538.00 | 4537.04 V-Gd-Sa_ 1 IN 2-4-8 | 3-3-4 
350... 4539-17 | 4539.17 Ti-Fe-Ce (5) 2 oN 2-1 I-I 
400. . | 4539.96 | 4539.95 Ce-Cr oN 3 10-3 4-3 
400....|| 4540.77 | 4540.7 Cr ss (7) 4 2 6 7 
400....| 4541.66 | 4541.64 Fe-Cr-Nd (?) 3 4d | L3-1-5 
300... .| (4542. 23 | (4542.2; Sa-Gd 000 ° 8-2 3 
350. ...] 42 |44542.40 Zr oN I 6 3 
350... (4542.87 | (4542.83 | (*)1 I 4- 
350....|| 4543.40 | 4543.40) - ° 
400....]| 4544.11 | 4544.12 | Co-Ti-Sa (?) 2 2d 3-10 4-1-5 
400. . | 4544.84 | 4544.84 Ti-Cr (7) 4 2 15-4 3-4 
400....|| 4545.28 | 4545.31 Ti I 2 I 
400....| 4546.12 | 4546.13 Cr 3 2 5 4 
350....|| 4546.85 | 4546.85 ° 
400....|| 4547.20 | 4547.15 Ni-Fe (3) 4 2 6-1 3-1 
400. . 4548.02 | 4548.02 Fe 3 2 3 2 
400....|| 4549.00 | 4548.04 Ti 2 ° 8 3 
1300.. | 4549.0 | 4549.77 Ti-Fe-Co| (?)8 20 3-1-4 L20-L7-5 
4990-80] ....... I 
350....]| 4551.33 | 4551.40 Ni ° :. I I 
400... 4552.63 | 4552.63 2 3N 15 4 
300... 4553-16 | 4553.21 Zr, oo o | 43 1-5 
— 1200....|| 4554.28 | 4554.21 Ba-Zr 8 20 | 1000- L1000-8 
350....|| 4555.02 | 4554.08 Cr-Sa (7) 3 I | I-5 L6-3 
350....|| 4555-69 | 4555.06 Ti-Zr 3 2 15-3 3-2 
500. . 4556.06 | 4556.06 Fe-Cu 10 Ls5-Ls5 
300....|| 4557.46 | 4557.46 - oN ° 
500....|| 4558.74 | 4558.79 | Cr-La § (?)3 8d 1-5 L20-5 
300.... | 4559-54 | 4559.52 La, } 000 ° 3,4 3,2 
250. . 4560.26 | 4560.27 Fe 2 I I I 
450....|| 4560.50 | 4560.52 Ce-Sa ?)0 2 5-5 5-3 
350....|| 4560.87 | 4560.89 V fore) ° 8 9 
400... 4561.18 | 4561.14 Ce (ole) I 4 3 
300....|| 4561.59 | 4561.59 I ° 
450....|| pres | 4562.54 Ce I 4 10 10 
350....|| 4563.18 | ..... I 
— 1200....|| 4563.93 | 4563.94 Ti 4 15 3 Lio 
350....|| 4564.79 | 4564.75 ve fore) I I Lio 
400....|| 4565.67 | 4565.69 Cr-Zr 3 2 4-2 2-2 
400....|| 4565.88 | 4565.84 Co 2 I 8 8 
350... 4566.41 Sa ooN ° | 10 5 
300... | ....... ° 
350... 4568.88 | 4568.85 Fe- @) 2 I I I 
300. . 56 | 4569.61 Co-Cr 0 I -4 L2-3 
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TABLE I—Continued 


Wave-LENGTHS INTENSITIES 
| Rowland Rowland Arc Spark 
km | | | 
300... 4570.08 | | ° 
goo... 4570.84 | ° 
400. . 4571.25 | 4571.28 | Mg 5 5 5 
1200....|| 4572.17 | 4572.16 Ti 6 20 5 L20 
300....) 4574.05 | (4574.02) Ba ° 10 5 
350..--| 4574-91 | 4574.90, Fe 2 I I I 
500....| 4576.49 | 4576.51 Fe 2 4 Pick Li 
350... 4577-37 | 4577-36 | V ° I 8 8 
350..--) 4577-82 | 4577.87 | . Sa ore) I 10 5 
350..--| (4578.71 | 4578.73 | Ca 2 o | 20 4 
350.---| 44578.97 | 4578.91 | ooN I 4 
300....| (4579-41 | 4579.45 | V,Nd ()o I 25 | 24 
400....| 4580.12 | 4580.22 | Cr-La 3 3 8-3 4-3 
400....|/|4580.59 | 4580.59 | V I 2 8 fe) 
350....| 4581.59 | 4581.58 | Ca 4 3 | 30 4 
450.. 4582.84 | 4582.83 2 
TEGO... 4584.04 | 4584.02 | Fe-\ 4 15 1-2 3-L 
350.---| 4584.93 | 4584.97 | Fe-Sa | (?)3 id -5 | 1-4 
300....| 4585.45 | 4585.52 ° | 
400....| 4586.08 | 4586.05 | Ca 4 2 30 | 
40o....| 4586.48 | 4586.48 | J -Cr 2 2 10-1 | 8-1 
350....|, 4587.28 | 4587.31 | Fe | 2 I I | I 
600....|, 4588.37 | 4588.38 | Cr | 3 5 I | L20 
500....) 4590.10 | 4590.13 Ti 3 6 I L3 
300....|| 4590.72 | (4590.72), Zr |... ° 3 
350.--. 4501.39 | 4591-42 | oo I ‘ 
350. . 4591.50 | 4501.57 | Cr 2 2 
350... | 4592.09 | 4592.16 | Cr-Sa | (?)1 4-3 
350.---|| 4592.70 | 4592.71 | | 3 | 
00....|| 4593-70 | 4593-70 | a | 
16 4594.20 V-Eu-Ce | (3) 3 3d =| 10-50-10 | 10-20-10 
300....|| 4594.80 | 4594.82 | Co-Nd ooN ° 10-3 | 3-3 
350... 4595 45 | 4595 | | 
96.04 | 4596.10 | rFe | I 
15 | 4597-12 Co-Nd-Gd (2) 1 1d | 10-3-4 | 3-3-4 
350 4597.99 | 4597.93 2 
300 4598.31 | 4598.30 | Fe | 3 I 2 I 
300 4598.92 4598.92 | ° 
400....|| 4600.91 | 4 03 | 
350....|| 4601.33 | 4601.28 | Cr-Gd | ()1 I 35 | 2-5 
350 || 4602.20 | 4602.18 | Fe | 3 2 2 ane 
400 | 4603.12 | 4603.13 | Fe 6 3 5 2 
300 4603.78 4603.80 - | fete) ° | 
300 4604.70 | 4604.74 2 ° 
350 | 405 17 | Ni | 3 10 3 
00 4605.84 | 4605.77 
i 4606.46 | 4606.45 | Ni-Ce | ()2 2d | 3-4 2-5 
350 4607.48 | 4607.51 Sr I 2 | 1000 50 
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TABLE I—Continued 


Wave-LenctTus INTENSITIES 
HEIGHT OF 
CHROMO- | SUBSTANCE | 
| Rowland Rowland Arc Spark 
km | | | 
350....|| 4607.84 | 4607.83 Fe 4 I 2 I 
4008 . 36 | ° 
300.... 4009.43 | 4609.45 ~ ° I weed + 
300....| 4010.09 | 4610.09 ° I | 
400....|| 4611.46 | 4011.47 Fe-Er 5 3 | 4-4 2-2 
400....|| 4613.50 | 4613.46 | Cr-La-Fe| (2) 6 4 8-5-2 3-5-1 
350....|| 4614.10 | 4614.10 Zr I 2 I 3 
300....|| 4614.58 | 4614.62 | Ti-Gd fore) I I-3 I-2 
300....|| 4615.74 | 4615.74 | Sa I 2 14 14 
400....|; 4616.26 | 4616.30 | Cr 4 3 fe) 4 
350....|, 4616.80 | 4616.80 Cr IN | I Sas L3 
350....|| 4617.47 | 4617.45 T3 3 | 2 | 10 
300....|| 4618.13 | 4618.15 fore) ° 
600....)| 4618.98 | 4618.97 | Cr-Fe 4d? | 4 -I L8-1 
350....|| 4619.47 | 4619.47 Fe 3 | 2 | 3 I 
300....| 4619.98 | 4619.96 V-La | 00 ° 8-4 10-6 7 
400....|| 4620.72 | 4620.69 | Fe? | I 4 : 
350....|| 4622.08 | 4622.10 | Cr (?) 1 | 2d 3 2 
350....|| 4622.57 | 4622.63 | Cr | I I 2 2 
gg0....|| 4623.2 4623.28 | Ti | 2 3 fe) 4 
300....|| 4624.57 | 4624.59 J ooN | ° 3 3 
350....|| 4625.20 | 4625.23 Fe 5 2 3 I 
400....|| 4626.39 | 4626.36 | Cr 5 | 3 |} 10 5 
300....|| 4626.78 | 4626.72 | V, Mn ° ° 3,2 
300.... 4627.61 | 4627.64 Eu () 1 1d | 50 15 
400....|| 4628.42 | 4628.34 Ce ° 3 | 10 10 
800....| 4629.63 | 4629.52 | Ti-Fe-Co 6 12 | 810 3-L4-5 
300....|| 4630.32 | 4630.31 Fe | 4 I 2 
300....|| 4632.36 | 4632.32 | Cr ° ° 2 I 
400.... 4632.99 | 4633.06 Fe | | 2 3 I 
300.... | 4633.43 4033.43 | Cr | o- ° 2 I 
300....| 4633.94 4633.95 | oN ° 
500....|| 4634.21 | 4634.25 | Cr-Zr | 2 3 | -10 | Lio-3 
300.... | 4636.00 | 4636.03 Fe 2 ° I re 
300....|| 4636.48 | 4636.50 - ° ° 
300....|| 4637.31 | 4637.35 ° ° 2 I 
350....|| 4637.66 | 4637.68 Fe | 5 I 3 I 
350....| 4638.19 | 4638.19 Fe | 4 2 3 I 
350....|| 4639.69 4639.69 Tit | ()4 2 | 8 4 
350....|| 4640.34 | 4640.29 Ti-V (7) 2 2d 4-3 2-3 
300....|| 4641.31 | 4641.31 - | ()1 oN se 
350....|| 4642.48 | 4642.42 | Sa fore) 2 10 4 
400....|| 4643.58 | 4643.64 Fe | 4 2 2 
350.... | 4644.36 4644.39, - | (3)1 IN 
350....|| 4645.48 | 4645.52 Ti- | ()1 I 5- 3- 
600....|| 4646.33 | 4646.35 | Crs 5 20 fe) 
300 4646.89 | 4646.86 | Cr-Sa | (?) 1 I 2-5 I-3 
500..../ 4647.63 | 4647.62, Fe | 4 2 3 2 
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TABLE I—Continued 
Wave-LENGTHS INTENSITIES 

HEIGHT OF = 

CHROMO- SUBSTANCE 

— Rowland Rowland Arc Spark 

km 

300.... | 4648.22 | 4648.19 Cr- (2) 1 ° 2- I- 
500... 4649.03 | 4648.96 | Ni-Cr (4) 5 2d 15-2 3-2 
300.. 4649.62 | 4649.61 Cr ° ° 3 2 
300 4650.20 | 4650.19 Ti | ° ° 3 2 
400... 4651.46 | 4651.46 Cr 4 2 8 3 
400. . 4652.33 | 4052.34 Cr 5 | 3 10 5 
350 4953.59 | 4053.61 () 0° ° 
350 4054.28 | 4654.33 Cr ° ° I eee 
350 4654.81 | 4654.80 Fe 5 3d 5 2 
300.. 4655.90 | 4655.90 | Ti, Nz (?) 1 IN I, 2 2 
350 4056.61 | 4656.64 Ti 3 I 8 3 
400. . 4657.27.| 4657.30 Ti-V 3 3d -I L2-1 
300. . 4060.36 | 4660.40 (4) 1 od ? 
300. . 4662.14 | 4662.15 | Fe, Eu | I ° 1,50 | 1,15 
300... 4662.94 | 4662.99 - | (3)1 oN 
350 4063.52 | 4663.52 Cr,Co | (?)2 | I 3, 10 2, 5 
350 4663.99 | 4663.96 La,Cr | I 2 4,3 8, 2 
250 4664.51 | 4664.50 -  ooN ° 
300... 4065.00 | 4664.96 Cr | 3 ° 5 2 
300. 4666.26 | 4666.23 Cr-V | ()2 1d 3-2 3-3 
400 4666.91 | 4666.89 Cr- | (4)4 3N I- 2- 
40o....|| 4667.79 | 4667.77 | 3. | 10 5 
350. 4668.30 | 4668.30 Fe- | ()6 1d 4 2 
500 4670.55 | 4670.59 Sc 2 4 8 IO 
300... 4671.57 | 4671.60 I ° 

350 4672.51 | 4672.51 - 3N I Pais ae 
35° 4673.32 | 4673.35 Fe | 4 2 2 I 
350 4674.30 | 4674.28 IN ° 
350 4674.82 | 4674.83 Sa | oN I 10 5 
350 | 4677.03 | 4677.10 | Ti,Sa | 00 ° se i oe 
250 4677.59 | 4677.60 Ti fore) ° I I 
350 4679.19 | 4679.12 Fe-Ni-Er| (?) 8 2N 4-8 | 2-L3-5 
350 4680.31 | 4680.32 | Zn I I 100 300 
350 4680.89 | 4680.90 | Nd- | (3)1 I | 3- 3- 
300.... | 4681.63 | 4681.65 - | I | ° ee oe 
400. . 4682.12 | 4682.09 | Ti | 3 2 | 10 6 
350....|| 4682.58 | 4682.53 | ¥-Co I 2 4-10 10-4 
300....|| 4683.70 | 4683.74 Fe | 3 I I I 
300.... 4684.42 | 4684.46 | - (?) oN I 
350.. 4685.39 | 4685.39 | Zr-Ca 2 1d I-5 5-1 
2000. . 4686.00 |(4685.98)* H ote IN 
300 4686.35 | 4686.40 Ni * | I 6 3 
300. . 4687.50 | 4687.51 | Fe- (3) 3 
300... 4687.94 | 4687.98 Zr ° ° 15 8 
300....|| 4688.72 | 4688.70 | Zr-Sa (2) 1 | IN 10-3 4-1 
350....|| 4689.50 | 4689.54 | Cr 2 I 3 3 
300.... || 4690.31 | 4690.32 Fe | 4 ° I | I 
300....|| 4690.95 | 4690.98 Ti | 00 ° 2 | I 


* Fowler’s value, M.N., 73, 62, 1913- 
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TABLE I—Continued 
| 
Wave-LencrTus INTENSITIES 
HEIGHT OF 
CHROMO- | SUBSTANCE : 
SPHERE | Rowland Rowland | Chyomo- Arc Spark 
km 
400....|| 4691.69 | 4691.62 Fe-Ti (3) 7 3 4-5 2-3 
300....|| 4692.75 | 4692.70 C? ooN ° 
300....|! 4693.97 | 4694.03 (?) 2 ° 2:3 2,2 
300....|| 4694.98 | 4695.04 Cr I ° I 
300....|| 4695.45 | 4695.48 | Cr-C (2) 1 ° 2- I- 
300.... 4090.09 4090.03 = oo 
300....!| 4696.74 | 4696.74 | C? ()0 
300....|| 4697.40 | 4697.35 Cr-C* (?) 2 I 2 2- | 
° 
350....|| 4698.83 | 4698.80 Ti-Cr (3) 3 3d 10-4 3-4 
350....|| 4699.52 | 4699.51 | V-Sa 4 I 2-3 I-2 
350...- | 4700.33 | 4700.34 4 ° 
300....|| 4701.26 | 4701.23 Fe I ° I I 
300....|| 4701.69 | 4701.71 Ni I I 8 I 
300....|| 4702.11 | 4702.08 “iy oN ° 
500....|| 4703.16 | 4703.18 Mg fe) 3 20 5 ) 
350....|| 4703.93 | 4703.99 Ni 3 I 5 I 
300....|| 4704.53 | 4704.58 Sa- (3) 1 oN 8- 3- 
300....|| 4705.10 | 4705.13 Fe 4 I I 
350....|| 4706.69 | 4706.73 V, Nd ° I 2,8 3,4 
350....|| 4707.48 | 4707.52 Fe- (2) 7 2 6 2 
300... 4708.18 | 4708.20 Cr 2 I 10 3 
350....!| 4708.80 | 4708.85 Ti 2 2 2 
300....|| 4709.10 | 4709.15 Ti I I I Me 
350....!| 4709.89 | 4709.90 | Mn, Nd 2 2 8,5 2,4 
350....|| 4710.41 | 4710.45 Fe-Ti (?) 3 2 3-8 1-3 
300....|| 4711.67 | 4711.66 I 
950... 4732.27 | 4732.26 Ni ° ° 2 I 
— 6000....|| 4713.32 | 4713.31 He a 4 oe 
300....|| 4714.16 | 4714.21 V,Ce (3) 1 ° 2 3 3,3 
400....|| 4714.58 | 4714.60 Ni 6 3 15 8 1 
g0o....|| 4715.14 | 4715.09 Ct 000 I 
350.--- 4715.98 4715.95 Ni 4 2 10 3 
300....|| 4717.00 | 4717.02 - fore) ° 
200... 4717.69 | 4717.67 Zr- (?) 1 ° 3 I 
300....|| 4717.94 | 4717.89 V-Sa 000 ° 3-4 3-3 
350....|| 4718.61 | 4718.60 Cr 3 2 fe) 5 
300....|| 4719.32 | (4719.30) Zr ay: ° 5 3 
goo....|| 4719.70 | 4719.69 | - ° I te 
300....|| 4721.20 | 4721.18 Fe 2 1d I I 
400....|| 4722.34 | 4722.34 Zn 3 3 200 500 
300..../| 4723.48 723.41 Ti- ()0 od 3- 2- 
300....|| 4724.48 |(4724.52 Nd IN 5 5 
250....|| 4726.31 | 4726.33 Fe? ° ° 
350....|| 4727.62 | 4727.62 | Fe,Mn| (2)5 2d 2,8 2 
250....|| 4728.33 | 4728.35 | - fe) fo) 
350....|| 4728.75 | 4728.73 Fe-Y 4 2 2-5 I-3 
* Third edge of fourth carbon band. 
¢ Second edge of fourth carbon edge. 
4 
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TABLE I—Continued 
WaveE-LENGTHS INTENSITIES 
HEIGHT OF 
Curomo- SUBSTANCE | | 
Rowland Rowland Arc Spark 
km 
300 4730.22 | 4730.21 - 2 I 
300.. 4731.00 | 4731.00 Cr- 3 I 4 3 
400. . 4731.64 | 4731.65 Fe- 4 3 | I- 
300... 4731.92 | 4731.98 | Ni-Nd I ° 3-3 I-2 
300. . 4732.04 | 4732.64 | Ni-Y I I 34 | 1-3 
400. . 4733-79 | 4733-78 Fe 4 2 3 I 
350 4734.20 4734.28 Sc I I 
250.. 4739.04 | 4736.03 Fe 3 I I I 
400. . 4739.97 | 4736.96 Fe 6 3 6 3 
350. 4737-51 | 4737-54 Cr 2 2N 
250 4737.82 | 4737.82 Sc I I 5 | 3 
350 4739-39 4739.29 Min 3 2 
300.. 4739.60 | ...... ° 
350 4740.40 | (4740.46) La 2d 8 5 
350 4741.48 (4741.41) Sc-} oN 5-4 3-3 
300... 4741.74 | 4741.72 | Fe . I 2 I 
300.. 4742.10 | (4742.10) Sr ° 10 3 
300.. 4743-23 | (4743.26) La I 8 10 
300... 4744.59 | 4744.57 3 I 
300.. 4745.52 4745.50 Cr 00 ° 2 I 
350... 4745-93 4745.99 Fe 4 2 2 I 
250... 4748.30 | 4748.32 - 4 I lacs 
300... 4749.95 4749.99  Co-Fe (2) 2 2d 10 4 
250 4751.2 4751.28 V ° I 3 3 
250.. 4752.20 | 4752.2 Cr-Ni 2 I 3-2 3-1 
300... 4752.60 | 4752.61 Ni 3 2 3 I 
400. . 4754.17 | 4754.22 Mn 7 3 30 8 
300....| 4754.92 | 4754.95 Ni I I 3 I 
300.. 4755-82 4755.89 oo 
300. . 4756.25 | 4756.30 Cr 2 I 8 8 
300.. 4756.67 | 4756.70 Ni 3 2 8 3 
300... 4757-73 | 4757-77 V-Fe 2 I 5-1 4-1 
300.. 4758.29 | 4758.31 Ti I 2 10 5 
350.. 4759.50 | 4759.46 Ti 2 2 8 5 
250 4760.26 | 4760.26 fore) ; 
250 4761.28 | 4761.29 y ooN I 5 3 
350... 4761.74 | 4761.72 Mn 3 2 6 2 
400. . 4762.67 | 4762.61'| Mn-Er | (?) 6 3d 16-5 4-3 
300... 4763.02 | 4762.97 Zr-Ti ° ° 5- 2-1 
350... 4704.17 | 4764.11 Ti-Ni 4d 4 -3 Li-2 
300.. 4764.72 | 4764.72 Ti ° I cee I 
300.. 4765.64 | 4765.65 2 IN 
300... 4766.07 | 4766.05 | Mn 3 I 6 3 
350.. 4766.55 | 4766.62 Mn 4 2 8 3 
250 4768.05 | 4768.05 Cr fore) ° ae 
300.. 4708.45 | 4708.52 3 2 
250 4709.97 | 4769.99 Ti ooN ° I I 
300 4771.32 | 4771.28 | Ti, Co fore) 1,3 
35° 4771.79 | 4771.76 Fe- () 5 6 
350 4772.97 | 4773.01 Fe 4 I | 2 | I 
250 - fore) ° 


4773-55 | 4773.00 | 
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TABLE I 


SUBSTANCE 


Continued 


Wave-LencrTus 
chemo- | Rowland 
4779.30 26 
4779.59 |\4776.55 
4777 .83 
4779.59 | 4779.63 
4780.15 | 4780.17 
4781.66 | 4781.64 
4783.65 | 4783.61 
4780.18 | 4786.14 
4786.78 | 4786.73 
4788.92 | 4788.05 
4789.65 | 4789.72 
4791.33 | 4791.33 
4792.57 |}4792.05 
4793.10 |\4793.04 
4794.01 | ....... 
4794.50 | 4794.55 
4798.47 | 4798.45 
4798.80 | 4798.79 
4799.94 | 4799.60 
4799.98 | 4799.08 
4800.82 | 4800.84 
4801.22 | 4801.21 

4802.82 
4804.02] .... 
4805.31 | 4805. 28 
4806.63 | ..... 
4007.05 | ..... 
4807.40 
[4808.68 | {4808.73 
\4809.24 || 4809.20 
4810.62 | 4810.72 
4811.48 | (4811.40) 
4812.25 | 4812.20 
4813.28 | 4813.30 
4813.66 | 4813.66 
4814.02 | ..... 
4814.74 | 4814.78 
4815.92 (4815.90) 
4816.60 | ..... 
4817.89 4817.99 
4820.57 4820.59 
4823.63 | 4823.70 
4824.27 4824.32 
4825.65 4825.66 
4827.07 | 4827.03 
4827.68 4827.64 
4829.29 | 4829.35 
360 


. 26 4831.: 


Rowland 
Fe fre) 
V-Co od ? 
Fe 
Ti-Co 2 
Co 000 
Mn 6 
Nd-Sa ° 
Ni-V-Y 3 
Fe 3 
Cr, Fe (2) 5 
° 
Ti-Cr- (?) 2 
Co I 
00 
Fe I 
(7) 1 
Nd I 
Ts I 
Fe 2 
Cr-Gd I 
Ti 3 
73 00 
La- ()0 
Zn 3 
Nd 
73, Sr 00 
fo) 
Co I 
Ni fore) 
Zr-Sa 
Ni 2 
Ti-Er-Nd I 
Mn 5 
Cr-La 3 
Nd 
Mn-La 000 
V 000 


Ni,Cr 
Ni-Er 3 


. INTENSITIES 


Chro 


mo 


sphere Arc 
° 
I 10-4 
oN 
° I 
4 “4 
° 3 
4 30 
3-3 
3N 15-5-3 
oN 
° 2 
3d 5,3 
1d 
2 4-4- 
2 10 
° 
° 
° I 
2d 
I 3 
I 3 
I I 
I 
I 
° 
5 
° 
° 
I 2 
4- 
2d? 200 
I 5 
1d I, 20 
° 
2 8 
° 
I I 
1d 10-6 
° 
IN 2 
2 8-8-4 
° 
5 30 
5 2-5 
3 8 
I-r | 
1d | 8 
2d 10, 5 
I 


w 


|| 
Spark 
km 
250... 
300 
goo... 
250 
500... 
250... 
500... 8 
450... -10-L5 
300... g-10-L5 
400... 
300 
350 
3-3- 
350... 
250... 
250... 
400... 
goo. ... 
300... 
300... 
300... 2- 
300... 
300... 
800.... I 
300... 
300... 
900... . 
... 
300... 
400.... 500 
5 
... 2, 10 
fe) 
260... 
300... 
300.... 
4 
400... 
Li1o-4 
§00.... 8 
g00.... 
g60.... 
| 
353 
400.... 3-3 


HEIGHT OF 
CHROMO- 
SPHERE 


WAVE-LENGTHS OF THE CHROMOSPHERE 


Wave-LENGTHS 


Chromo- 


4832 


[4836 


4830 
4838 


48309. 


4840 
4841 
4843 
4843 
4844 


4848 
4849.; 
4851. 


4852 
4855 
4855 
48506 


4857.: 


4859 


4859. 


4801 
48064 


4864. 


4865 


4866. 


4868 


4870. ; 
4870. 


4871 


4872. 
4873. 


4874 
4875 


4876. 


4877 


4878. ; 


4881 
4882 


4883. 


4884 
4885 


4885. 


4886 


sphere 


Rowland 


4832. 


4832 
4830 
4837 
4838 
45839 
4840 
4841 
4842 
4843 
4844 
4848 


4849 .; 


4851 
4852 
4555 
4855 
4856 


4857.: 


4859 
4859 


4861.5 


4864 
4864 
4865 


4868.1 


4870. 
4871 
4871 


4872. ; 


4873 
4874 
4875 
4876 
4877. 


4878. ; 


4881 
4882 
4883. 
4884 


4885.2 


4885 
4886 
4886 
4887. 
4888. 
488. 
4890. 
4801. 
4893. 


SUBSTANCE 


Cr 
Fe-Er 
Cr-Ni-Fe 
Fe 
Fe- 

Fe 
Fe 
Fe 


Rowland 


8 ww 8 


We OR RW RW WwW 


8 
Of0 


wen Ow ON SUW 


COOUnN 


TABLE I—Continued 


INTENSITIES 


0 
1d 3 
1-3 
2 
I 2 
I 
I I 
2 10 
I 10 
° 
id I-3 
° I- 
2d 
I 10 
I 2 
ite) 
I 10 
8 
I 3 
5 
I 6-8 
00 
I 
I 10 
IN 
2d 10,8 
3 8 
3 8 
I 8 
I 
I 10 
2 
° 
3d 20, 6 
2 10 
I I 
6 15 
I 
I 10 
° I 
° I 
I 1-3 
2d 3-2-1 
I I 
2 I- 
5 8 
6 10 
I I 


463 


Spark 


| 
| 
km y 
30° go Fe-Ni J 
400....|| 13 06 Nd | 
300... 99 04 Cr I 
350... 72 74 Ni,Fe | @ 2,- 
300.... 73 73 Fe I 
| 300 42 45 Co 10 Rar ee 
350.... fore) 07 Ti 4 
360... Ol 98 Fe 
300 40 42 | FeCo | (?) 
28 21 Ti-Fe I- 
400... 6 48 Cr-Ti (?) L8- 
260... 69 V 8 
300 77 74 Ni | 
$90... 00 06 L3o0 
300 55 60 Ni 3 ” 
300 18 20 Ti 5 See 
350....|| 22 Nd 5 
350.... Eos 93 Fe-Y | | 293 
8000... . oo | Hp 
260.... 50° 50 Cr | Ls 
300.... [E89 8 
350....|| 80 Ti | I 
350.... M20 | MoCo, 10,3 
300.... 32 Ti 3 
4oo.... .54 51 Fe 
400... 63 63 Ni 2 
400.... 16 20 Ti L3 Bich 
69 67 V | 10 
350.... 59 Cr | Ls 
500.... MRO Fess 8, 2 
4oo.... 75 V | 10 
350.... 36 34 Fe I Pe 
600.... 87 Lso 
300.... | 84 78 
300.... 25 | Ti 
300.... 62 Fe I 
300.... 18 13 I 
350....|| 4886.55 52 I-I 
350... 4887.29 28 (?) 3-I- 
350....|, 4888.79 82 I 
400.... 4889.28 23 (?) 
600.... 4890.96 05 4 
600.... 4891.72 68 5 ee 
300....,, 4893.10 03 | | 


464 S. A. MITCHELL 
TABLE I—Continued 
Wave-Lencrus INTENSITIES 

HEIGHT OF 

CHROMO- SUBSTANCE 

— Rowland Rowland Arc Spark 

km 

300... 4894.03 4894.00 fore) 1d? 

250.. 4894.78 | 4894.74 - fore) ° 

300... 4890.68 4896.62 Fe I ° 

600. . 4900.32 | 4900.30 y 2 10 10 L3o0 
250 4901.83 4901.81 V 00 ° 3 5 
300. . 4902.46 4902.42 fore) IN 

350 4993-47 4903.50 Fe 5 2d 5 2 
350... 4904.50 4904.60 V, Ni 3 2 5, 10 8,3 
300... 4905.33 4905.31 La ° I I 
300.. 4906.28 4906.32 . 000 ° 3 2 
300.. 4907.68 | 4907.68 Fe, Eu | o000 od ? 1-8 -2 
300... 4908.20 4908.21 oN fe) 

300... 4908.73 4908.73 Co- (2) 0 ° I 

300. 4999.44 4909.49 Ti, Fe (?) 2 od I- 
350 4910.05 | . ° 

350 4910.50 4910.50 Fe 2 I I 

350 4910.79 4910.75 Fe 2 I I I 
250... 4911.35 | 4011.37 T3 I I Ls 
300... 4912.15 | 4912.20 Ni I ° 3 I 
250.. 4613.38 4913.36 C)o 

300. . 4913.76 | 4913.80 2 I 10 3 
300 4914.17 | 4914.15 Ni 2 I 3 I 
350 4917.42 | 4917.41 Fe 2 I I 
350... 4918.55 4918.54 Ni 2 2 3 2 
400....)| 4919.20 | 4919.17 Fe 6 3 Io 4 
350 .|| 4920.02 | 4920.05 Ti 00 I 4 2 
500. . 4920.68 4920.68 Fe 10 4 15 8 
400. . 4921.10 | 4921.15 La ° I 5 8 
1500. . 4922.19 (4922.10) He 3d 

1000. . 4924.14 4924.11 Fe 5 20 L8 
350 4925.01 | 4924.96 Zn, Fe 3 ° =, 2 500, I 
350 4925.78 | 4925.75 Ni-V I I 3-3 1-1 
300... 

300 {4927.53 4927.60 | Fe I ° 

350 (4928.05 | 4928.05 Fe 2 I I 
350 4928.55 4928.51 Ti ° ° 5 3 
300.. 4939.55 4930.49 Fe 2 oN I I 
350... 4933-49 4033.51 Fe 2 I I I 
750.. 4934.26 | 4934.25 Ba 7d 12 100 300 
300.. 4935-95 | 4936.02 Ni 2 ° 5 2 
300 4939.42 | 4936.51 Cr I ° 3 I 
300... 4937-59 | 4037.52 Ni 3 ° 5 I 
300.. 4938.30 | 4938.35 Fe 2 ° I I 
350.. 4939.02 4938.98 Fe 4 fo) 3 I 
300 4939-42 4039.42 Fe 2 ) I 
350... 4939.83 4939.87 Fe 3 I 2 I 
300... 4000.25 | ....... ° 
350. . 4942.67 | 4942.66 Cr 2 ° 3 I 
300... 4944.47 4044.47 Er 00 ° 3 I 
300. . 4945.72 | 4945.72 Ni-Fe (?) 2 1d 2- 

350... 4949.59 | 4046.57 Fe-La 3 2 2-2 I-I 


HEIGHT OF 
CHROMO- 
SPHERE 


WAVE-LENGTHS OF THE CHROMOSPHERE 


Chromo- 


sphere Rowland 
4949.10 
495°.27 | 4950.29 
4952.32 
4952.81 | 4952.82 
4953.38 | 4953.30 
4954.87 | 4954.92 
4957.08 | 4957.67 
4958.41 | 4958.43 
4959.25 | (4959. 25) 
{4901.68 | 
14962.75 | 4962.75 
(4903.04 ... 
4904.88 | 4964.90 
4905.40 | 4965.35 
4990.33 | 4966.27 | 
4998.03 | 4968.08 | 
4968.80 | 4968.84 
4970.05 | 4970.10 
497° 59 | 4970.07 
4971.53 | 4971.53 
4973.20 | 4973.28 
4974.00 | 4974.64 
4975.00 | 4975.56 
4970.37 | 4970.44 
4978.38 | 4978.37 
4978.76 | 4978.78 
4979.34 | 4979.39 
4979.80 | 4979.77 
4980.35 4980. 35 
4981.89 4981.91 
4982.69 4982.68 

|14983.43 

49°3-5° 4083.64 
4984.14 4984.14 
4985.47 4085.43 
4985.77 4985.73 
4980.46 4986.40 
4980.80 
4988.31 | 4988.31 
4989.17 4989.13 
4991.29 | 4991.25 
4993-05 | 4993.70 
4994.25 | 4994.32 
4995.79 4995.71 
(4997.29 | 4997.28 
4998.40 4998.41 
4999.97 4999.69 
$000.50 5000.53 
5001.22 | 5001.16 
5002.02 5002.04 
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TABLE I—Continued 
INTENSITIES 
SUBSTANCE 
Rowland — Arc Spark 
° 
Fe 2 I I 
2 ° 
Ni 2 I 3 I 
Cr-Fe (7) 3 id 3- 2- 
Fe (?) 13 8d 15 II 
Ti fore) ° I I 
Nd id 4 2 
° 
Eu 2 ° 3 2 
° 
Ti [evere) ° I I 
Ni ° ° I ia 
Fe-V 4 I 2-2 2-1 
Fe 3 2 1 = 
Fe, 7% (?) 2 2 -I -I 
Fe 3 2 I i 
Fe-La I I -3 -2 
Ni I I 3 I 
Ti-Fe 4 2d 2-1 2-1 
Ti-Fe (2)0 id 3- 3- 
Ni (7) 1 
Ti fore) ° 2 2 
Fe 3 I I I 
000 ° 
Fe 00 ° 
Ni 4 I 10 2 
Ti 4 2 20 10 
Fe 4 od 3 | I 
Fe 3 rd? |e I I 
Ni-Fe (7) 5 2d 10-2 a-I 
Fe 3 I I I 
Fe 3 I I I 
Fe I ° 
000 I 
Fe 2 2 I = 
Ti 3 3 20 10 
- (7) 1 1d? 
Fe 3 I 2 I 
- oN 
° 
Ti I 3 I 
Ni ° 2 I 
Ti-La 2d 20-5 10-3 
Ni ° 
Ti-C ° 
Fe 3 


300... 
350.. 
350... 
: 
400... 
250.. 
50... 
350.. 
350... 
. 
300 
300.. 
250... 
300... 
300... 
400.. 
250... 
$90... > 
350 
350 
400... 


466 S. A. MITCHELL 
TABLE I—Continued 
| 
Wave-LeENGcTHS | INTENSITIES 
CHRoMO- | SUBSTANCE 
Rowland Rowland Arc Spark 
km 
300 5002.83 | (5002.80)) V-Ce-C 2 od 3-I- 3-I- 
350 5 90 | 5003.92 Ni ° 1d 
350 5005.39 | 5005.35 Vin ° ° 
400 5005.86 | 5005.90 Fe 4 2 2 I 
400 5006.31 | 5006.31 Fe 5 2 5 2 
350 5007.41 | 5007.42 Ti-Fe sd} 2d 20-1 10-2 
350 5009.90 | 5009.83 Ti fore) ° 2 I 
400 5010.43 | 5010.40 Ti fore) I I 
500 5011.12 | 5011.12 Ni ° I 3 
350 (5011.67 ° 
500 {5012.25 | 5012.25 Fe 4 2 5 2 
350 (5012.67 | 5012.63 Vi I ° 4 I 
350 5013.32 | 5013.33 | Ti-Cr | @)3 | 1 + 3- 
350 5013.85 | 5013.87 Ti ° I I 
350 5014.43 | 5014.42 Ti-Ni (7) 5 I 20-3 8- 
350 5015.16 | 5015.12 Fe 3 ° 2 I 
i 1600 5015.86 | (5015.73) He 2 
i 350 5016.32 | 5016.34 Ti 2 ° 10 5 { 
600 5017.20 ° 
i 350 5017.70 | 5017.76 Ni 3 fe) 8 2 
1200 | 5018.61 | 5018.63 Fe 4 15 I L7 
| 350 5019.94 | 5019.91 V-La- fore) ° I-I 3- 
, 400 5020.20 | 5020.21 Ti ” I 10 5 
300 5020.90 | 5021.00 = fore) ° 
| 300 5021.85 | 5021.87 G 000 ° 
350 5022.44 | 5022.41 Fe 3 2 I I 
500 5023.05 | 5023.05 Ti 2 2 10 5 
' 300 5023.37 | 5023.37 Fe? ° ° 
300... 5023.72 | 5023.67 | Fe, Sa ° ° 
300... (5024.30 (5024.34) ( | 
300... $5025.00 | 5025.03 3 I 10 3 
300 5025.70 | 5025.75 Ts I I fe) 3 
350 5027.36 | 5027.30 Fe 3 2 I I 
300 \5028.13 | 5028.18 Fe-C @3 od 
300 5029.79 5029.80 Fe I I 
600 5031.18 5031.20 Sc-C 3 5 5 4 
i 300 5032.10 | 5032.09 - 00 ° 
' 300 5032.98 5032.91 Ni fore) ° 2 
300 5033.76 5033.77 | C-Eu ° 
500 5035-58 | 5035.54 Ni 5 I 20 3 
500 | 5036.09 (5036 12 Ti-Ni es I 10-5 8- 
400 4 5036.43 45036.45 Fe ° ° 
400 | 5036.67 | 5036 64 T1 2 ° fe) 8 
300 5037.93 5037.93 a 
500 5038.59 5038.58 Ti 2 2 10 8 
350 5039.40 5039.43 Fe 3 ° ; 
400 5040.16 5040.14 Ti 3 | I 10 7 
500 5041.15 5041.18 Fe-Ni (7) 7 2 2-2 I- 
500 5041.89 5041.89 Ca, Fe (?) 6 3d 20, 3 2,1 
400 5042.36 | 5042.37 Ni | I I 5 
300 5043.76 | 5043.76 Ti 00 ° 2 e 
. 


‘ 


WAVE-LENGTHS OF THE CHROMOSPHERE 


TABLE I—Continued 


Wave-LENGTHS INTENSITIES 


HEIGHT OF 


467 


| 
CHROMO- | SUBSTANCE | 


lc | 

| Rowland | Rowland | Chromo- | Arc Spark 
km | 

300... 5044.43 | 5044.39 | Ni, Co-Fe 3 I 
300.... 5045.50 | 5045.52 | Ti-C | ()o ° 
350....|| 5048.21 | 5048.2 Ni | ° ° 2 
400... 5048.64 | 5048.61 | Fe 3 I boa si 
400.... | 5049.06 | 5049 04 Ni 2 | I 5 I 
600.... | 5050.03 | 5050.01 | Fe 6 2 4 2 
300.... | 5050.88 | 5050.92 | C | 000 ° 
600.... | 5051.84 | 5051.82 | Fe-V | 4 2d 3-2 I-2 
400.... 5053.09 | 5053.06 | Tt | ° id | 2 2 
350....|| 5056.30 | 5056.31 Cc 000 oN 
300.... || 5057.00 | 5057.02 | Fe I ° 
300.... | 5057.99 | 5058.02 | - 000 | ° | pace 
400.... | 5060.25 | 5060. 26 | Fe 3 I I ‘ 
300.... | 5062.29 | 5062.28 | Ti ° ° 2 I 
300.... | 5063.33 | 5063.36 00 ° 
450....|| 5064.74 5064.72 Ti (7) 3 I II 6 
500.... 5065.26 | 5065.26 | Fe- (3) 6 2 | 7 
300... .|| 5067.39 | 5067.34 | Fe 3 I | I 
300....:|| 5067.88 | 5067.87 | Cr ° ° 
500....| 5068.91 | 5068.94 Fe-C 5 I | 
400....|| 5070.18 | 5070.16 C- fore) 2N 
300....|) 5071.66 | 5071.67 | Ti ° I 3 2 
400. [5072.21 | (5072.26 | Fe 3 2 I 
400 ||} 5072.52 {5072 48 | Ti ° | ° | L3 
||5072.85 | Fe 2 ° I 
300....|| 5073.60 | 5073.64 | fore) ° 
450.... 5074.93 | 5074.03 | Fe 5 2 | 8 I 
400... 5076.40 | 5076.45 Fe 3 I I 
400....|| 5076.7 5076.81 | Nd-C ° | ° 3- 2- 
500....| 5079.27 | 5079.30 | Fe (?) 7 3d 5 a 
400.... 5080.02 | 5079.97 | Fe-Ni @s5 2d 2-2 I- 
400....|| 5080.76 | 5080.71 Ni 4 I 8 3 
400....|| 5081.26 | 5081.29 Ni 3 I 8 3 
300....|) 5081.90 5081.85 | Sc-C ()o | 2- 
400....|| 5083.54 | 5083.52 Fe 4 2 * I 
400....|/ {5084.30 | 5084.28 Ni 3 2 5 3 
300... (5084.71 | 5084.73 - 000 | ° 
350 5087.21 | 5087.24 Ti ° ° 3 | 2 
500 5087.62 | 5087.60 | I 3 | To | 10 
300 5088.45 | 5088.52 | Y-Ni-C | (?)1 od | | 
450 5089.39 | 5089.39 oooNd ? 
450 5090.96 | 5090.95 | Fe-C A 
300 | 5092.62 | (5092.60) i an 1d 
300 5095.34 | 5005.35 Cc ed | 
300 5096.08 5096.03 | 000 | ° 


Pe 
2 
| 
| 
: 
e 
if 


468 S. A. MITCHELL 


TABLE I—Continued 


Wave-LeNncTus | INTENSITIES 


CHROMO- : | SUBSTANCE = | 

Rowland | Rowland | Arc Spark 

km | 

5096.82 | 5096.91 000 ° 

400....|| 5097.18 | 5097.17 Cr-Fe 3 I | <-2 L2-1 
300....|| 5098.2 5098 30 ooN ° 
400... 5098.89 | 5098.88 Fe 3 I } 4 I 
400.... 5099.39 | 5099.42 Ni-Fe (?) 1 ° | “et I- 
400....|| 5100.03 | 5100.11 Ni 2 I 8 I 
350....|| 5100.99 | 5101.03 000 oN 

g00....|| | ..... ° 

300....|| 5104.40 | 5104.39 Fe- (3) 1 oN 
350....|| [5105.42 | 5105.38 Y-Nd (3) 0 ° 2-2 3-1 
400....|/|5105.70 | 5105.72 | Fe-Cu-Co 4 2 I-50-3 —20- 
400.... 5106.61 | 5106.62 Cc 000 IN 
§00....|| 5107.75 | 5107.72 | Fe (2) 8 3d 4 2 
400....|| 5109.76 | 5109.83 Fe 2 oN I ce 
600.... 5110.63 | 5110.57 Fe sd | 2 3 I 
300....|| 5110.91 | 5110.94 Cr-C fore) ° I 

300....|| 5111.50 | 5111.48 | (?) 00 
350....|| 5111.83 | 5111.80 000 I 
5112.41 | 5112.46 000 I | 

300....|| 5112.90 | 5112.88 - (?) 00 ° 

| 25 (2) 0 I I- 

350 \5113.64 | 5113.62 Ti ° I 4 2 
350 5114.62 | 5114.56 La-C | (?) 00Nd? 1d 4- 3- 
400....|| 5115.58 | 5115.57 Ni 2 2 fo) 2 
350....|, 5116.34 | 5116.36 0000 ° 

350... .|/ {5116.84 | 5116.85 c 0000 I 

350....|||5117.10 | 5117.07 - | 000 I | 

350....||/ [5118.14 5118.11 | Mn,C I | 2- 
400... .|||5118.34 | 5118.35 0000 I 9 
350.... [5119.35 | 5119.29 Y-C | 00 I 3- 3- 
350.... §120.60 | 5120.59 | Ti ° 1d 5 4 
350....|| 5121.77 | 5121.80 | Fe-Ni-C | 3 1d 2-3- 
300....|| 5122.50 | 5122.48 0000 ° 

$323.34 | La | 2 4 3 
40o....|| 5123.35 | 5123.39 ° I 4 4 
400....|| 5123.90 | 5123.90 Fe 2 2 3 I 
350....|| 5125.30 | 5125.30 | Fe 3 2 5 I 
300....| 5126.18 | 5126.17 0000 I | 

300 5126.40 | 5126.37 Fe-Co | 2 I 1-3 - 
300 5127.52 | 5127.53 Fe-Ti | 3 ° 2-1 I-I 
300 5127.99 | 5128.05 yy 0000 ° 

300 f5128.53 | 5128.49 0000 | 
300 5128.74 | 5128.73 V-C 8- 10- 
500....|| 5129.41 | 5129.42 Ti-Ni (2) 5 3d | 1-10 L8-1 
350 5130.44 | 5130.46 Ni-C (2) 0 ° 
350....|| 5130.73 | 5130.7 Nd-C 000 2 5- 4- 
350....!/ [5131.66 | 5131.64 Fe-C 2 2 | 2 

40o....| [5131.92 | 5131.94 Ni-C I 2 4- 

350....|| 5132.72 | 5132.72 (3) 0 

400....|| 5133.82 | 5133.87 Fe-C 3 | «6 2 


WAVE-LENGTHS OF THE CHROMOSPHERE 469 
TABLE I—Continued 
Wave-LencTHS | INTENSITIES 
CuRromo- | SUBSTANCE | | 
SPHERE Rowland Rowland | Arc Spark 
| 
km 
350 5134.64 | 5134 68 | | od 
300.... 5135.35 | 5135.36 e000 
300... 5135.82 | 5135.82 | (?) 00 oN 
300... S37 | | Ni 3 I 8 I 
350... 5137-59 | 5137-50 Fe | 3 2 10 I 
350 5138.55 | 5138.52 | | I 8- 10- 
350.. 5139.42 | 5139-43 Fe-C | 4 ° 3- 2- 
500. . 5139.60 | 5139.64 Fe-V_ | 4 4 8-3 3-3 
300. . 5139.82 | 5139.82 Cr 00 ° 2 
350... (5141.17 | 5141.19 - | C000 ° 
350 {5141.40 5141.44 (?) 00 ° 
350 (5141.92 | 5141.92 Fe 3 I 2 I 
500. . 5142.67 | 5142.69 Fe | 4d? 3 2 I 
400... 5143-05 | 5143.05  Ni-Fe-C | 5 2 | 15-2- - 
350... 5144.74 | 5144.76 C- _| 00 od |. 
35° 5145.51 (5145 56 | IN 5-3 3-1- 
5140.48 $146.66 Ni-C 3 3d 20 2~ 
500.... [5147-78 | 5147-79 | C-Ti (3) 1 2 
500....|||5148.30 | 5148.33| Fe | @5 | 2 | 5 I 
400... 5149.30 5149.27 000 I 
350. . 5150.35 | 5150.36 c= co | o | 
...|| 5150.89 Fe 4 2d { 2 I 
400. . 5152.05 5152.09 | FeC | 3 I | 2- | I- 
400... 5152.38 | 5152.36 Ti | ° ° 5 2 
400.. 5153-30 | 5153-34 | I 
500. . 5154.27 | 5154.24 Ti-Co 2 3 | 1-3 L4- 
400... 5155.68 | 5155.70 Ni-C (3) 3 | I- 
400. . 5156.70 | 5156.73 0000 I 
350... 5157.78 | 5157-78 | C 
350... 5158.12 | 5158.18 | Ni fore) ° | 2 
400. . §158.70 | 5158.70 | C | 000 I 
400. . 5159.60 | 5159.63 | C | 000 ° 
35°. 5159-91 | 5159-95 | | 
350 5160.46 | 5160.42 C- ooN | I | 
350 5161.20 | 5161.19 | C 000 I 
350... 5161.86 | 5161.85 | Cc 0000 I 
400... 5162.50 | 5162.45 | Fe,C 5 2 | 8, - I,- 
350.. (5163.07 | 5163.07 | c 000 ° 
350. 5163.60 | 5163.58 | C 000 ° 
350.. 5164.43 | 5164.40 Cc 000 ° 
400. . 5164.88 | 5164.90 000 ° | 
500.. 5195-35 5165. 42* ( 0000 
500.... | 5166.43 | 5166.45 | Cr-Fe | 3 I 2-2 I-I 
[5167.50 | Mg | 15) 20 
700... | 5167.54 Fe | 12 | 
300....|| 5167.94 | 5167.89 | 00 ° 
» 700... — | 5169.16 Fe C) 7 15 2 L6 


* Head of carbon band. 


| 
. 
ay, 
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TABLE I—Continued 


Wave-LENGcTHS INTENSITIES 

HEIGHT oF es = 

Curomo- | SUBSTANCE | | 

Rowland | | Rowland Arc Spark 

km | 

300....|) §170.87 | 5170.94 Fe ° od I 
600..../| 5171.75 | 5171.78 Fe 6 2 | 10 2 
I000....|| 5172.82 | 5172.86 Mg | 20 | 20 | 50 | 30 
500....|| §173.92 | 5173.92 Ti 2 2 15 5 
5175.58 | 5175.58 000 | 
500....|| 5176.76 | 5176.74 Nis I 1 8 I 
300....|| §177.62 | 5177.58 | Cr-Co rere) ° I-r | I- 
° 
300....|| 5180.28 | 5180.23 Fe | I ° I 
1200..../|| 5183.74 | 5183.79 Mg | 30 | 5 100 | 100 
250....|| 5184.47 | 5184.44 Fe | 2 ° I 
250....|| 5185.10] ...... ° 
500....|| 5185.97 | 5186.07 Ti | 2 2 Ls 
350....|| 5186.84] ..... ° 
300....|| 5187.40 ° 

750....|| 5188.85 | 5188.86 Ts 3 4 2 Lio 
500....|| 5191.66 | 5191.63 Fe | 4 3 10 2 
350....|| §192.10 | 5192.15 Cr | 00 ° 2 I 
500..../|f5192.60 | 5192.52 | Fe-Nd | 5 3 10-6 2-2 
300... .//|5193.14 | 5193.14 Ti 2 ° 20 8 
300....|| 5194.19 | 5194.22 Ti | 000 ° a I 
400.... | 5195.15 | 5195.11 Fe | 4 3 | 5 I 
350....|| 5195.65 | 5195.65 Fe-V_ | 2 I | 4-3 I-3 
300....|| 5196.26 | 5196.23 Fe | I ° I oa 
350....|| 5196.63 | 5106.61 ° I | 2 I 
§00....|| 5197.73 | 5197.74 Fe? | 2 4 I I 
300....|} 5198.11 | 5198.11 | ° ° Vines 
400... . || 5198.90 | 5198.89 Fe 3 I 3 I 
400....|| 5200.45 | 5200.51 V-Cr | (7) 1 2d | 10-1 8-1 
300....|| 5201.31 | 5201.26 Ti 000 I 2 I 
40o....|| 5202.43 | 5202.49 Fe- (7) 6 2d} 5 I 
§00....|| 5204.70 | 5204.71 | Cr-Fe | (2)8 3d =| 20-2 10- 

| {5205.90 ol 10 

600.....|| $206.06 |{ 5295-99} | | od | 
300.....|| 5207.72 5207.79 - | eo | o |. nee 
500....|| 5208.54 | 5208.60 Cr 5 5 | 30 20 
300....) 5210.48 | 5210.56 | Ti 3 id | 20 10 
250....1| $352.94 | g21%.40 | V,Cr 000 ° I,- 
250....|| 5212.90 | 5212.86 Co 000 ° 8 I 
300....1] 5215.35 | 5215.35 Fe 3 I 6 I 
350....|| 5216.47 | 5216.44 Fe 3 2 6 | I 
300....|| 5217.56 | 5217.55 Fe 2 I 5 I 
300....|| 5218.31 | 5218.27 | Fe,Cu | ()1 id I, 200 | -, 200 
250....|| 5219.66 |(5219.68)| Ti-Gd ome ° 3-3 2-1 
250....|| 5220.28 | 5220.36 | Ni ° | od 5 | 


| 
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TABLE I—Continued 
Wave-Lencrus INTENSITIES 

HEIGHT OF 

CHROMO- SUBSTANCE 
Rowland Rowland | Arc Spark 

km 

250 §221.20 | 5221.20 & fore) ° I 
250.. 5222.47 |(5222.50) Sr ° | 20 2 
250 5223.33 | 5223.35 Fe ° ° | I 

+ 250 5224.35 | 5224.2 Ti-V-Cr, (2) 1 ° | 4-5-1 2- 
300 5224.98 | 5225.03 Cr-Ti (3) 1 od | 5-2 I-I 
300 5225.63 | 5225.7 Fe 2 ° I 
500 5226.69 | 5226.71 Ts 2 4 I Lio 
500 5227.20 | 5227.26 Fe-Cr (7) 8 3 | 13-1 6- 
250 5227.92 | 5227.90 000 ° 
300 5228.56 | 5228.55 Fe I I I oe 
400 5230.04 | 5230.03 Fe 4 2 5 I 
300 5230.54 ° 
400 $233.15 | §233.12 Fe 7 2 20 5 
500 5234.80 | 5234.79 - 2 5 vee 
250 5235-59 | 5235.60 | Ni, Fe (7) 1 I 4,3 - 2 
250 5230.38 | 5236.37 Fe | ° ° I 

; 350 5237-47 | 5237-49 Cr I | 2 I L7 
250 5238.70 | 5238.74 Ti, Sr 000 ° 2, 30 3,3 
250 5239.10 | 5239.14 i 00 ° I 
350 5239.95 | 5239.99 | Sc, Nd I 2 53 2,1 
250 5241.04 | 5241.04 V 000 ° - 5 
250 5242.66 | 5242.66 Fe 2 | I 3 I 
250 5243.98 | 5243.95 Fe I ° I eo 
250 (5246.88 | 5246.84 Ti- |(?)00 ° 2- I- 
300.. 45247.26 | 5247.23 Fe I ° I i 
300. . (5247.72 | 5247.74 Cr 2 ° 8 2 
350... 5249.68 (5249.69) Nd 2N 8 4 
350 5250.33 | 5250.38 Fe 2 I I e 
350 5250.82 | 5250.82 Fe 3 2 3 I 

\ 250 §252.15 | 5252.15 Fe ° ° I 
250 5252.61 | . ° 
250 §253.70 | 5253.63 Fe 2 | ° 2 I 
350 5255.32 | 5255.25 | (3) 4 IN 1. 5-4 -, 2-2 

| Mn 

300....| 5257.00 | 5257.10 Sr 50 3 
250 || 5257.96 | 5257.90 Co- | I- 
250 5260.13 | 5260.14 Ti 000 ° I I 
300 5261.86 | 5261.88 | Ca-Cr 3 2 10-1 3-1 
300....|| §262.37 | 5262.39 Ca-Ti (7) 4 2 10- 3-1 
250 5263.08 | 5263.06 ° 
350 | 5203.50 | 5203.49 Fe | 4 I 5 I 
300 5264.04 | 5264.04 Fe ° ° I ae 
350 | 5264.37 | 5264.37 | Cr, Ca | (2) 7 I 8, 15 33 
350 5264.93 | 5264.98 Co ° I I nous 
350....|) §265.87 | 5265.85 Ca-Cr-Ti| (3) 6 1d 20-3-3 5-2-3 
350....|| 5266.77 | 5266.74 Fe 6 2 15 3 
250....|| 5267.70 | 5267.74 V- (?) ° I 
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TABLE I—Continued 
Wave-LencrTus INTENSITIES 
} 
CHRomo- | | SUBSTANCE | | 
Rowland | Rowland Arc | Spark 
= | | 
300....|| 5268.61 | 5268.61 | Ni-Co (?) 1 IN | 44 
500.... | 5269.72 | 5269.72 | Fe 8d? 8 | 20 8 
500 | 5270.49 | §270.51 | Fe-Ca () 7 6 | 15-30 4-10 
300....|| 5271.46 | 5271.46 | La fete) ° 4 I 
350....|| §272.17 | §272.17 | Co-Eu 00 I | 2-4 I-I 
350 || 5273.61 | 5273.56 | Fe-Nd-Cr 2 3d 1-3 
300....|| 5274.30 | 5274.41 | Ce 00 I 5 
300. §275.18 | 5275.15 Fe ° I I 
300 5275.42 5275.45 | I I 
500. 5276.16 | 5276.15 | Cr-Fe- (3) 6 fe) 5-1 I-! 
250 5277.48 | 5277.48 Zr fore) ° I I 
300... 5280.05 5280.05 | Fe ° ° I 
300... 5280.62 | 5280.63 | Co-Fe I I 8- 
350. 5281.97 | 5281.97 | Fe 5 2 8 2 
300....|| 5282.45 | 5282.49 | Ti- (2) 0 oN 2- I- 
350....|| §283.81 | 5283.80 | Fe 6 2 fe) 2 
400. 5284.29 | 5284.28 | - I 3 
250....]| §285.27 | 5285.30 | Ni ° ° 
300....|| 5288.81 | 5288.77 Fe-Ti (2) 2 1d I-I -I 
250 5289.72 | 5289.68 | Mn 000 ° I 
250 I 
250 5203.32 | 5203.34 | Nd fe) 2 10 5 
250 5295.47 | 5205.48 | Fe ° ° 
300. . 5296.86 | 5296.87 | Cr 3 I 4 3 
300... .|| (5207.57 || 5207. 56 Cr 2 I | 2 2 
350 5298.45 /1 5298 46 | Cr 4 2 4 4 
250 (5298.99 ||5298.96 | Fe-Mn I- 
250..., 5300.15 5300.15 Ti fore) ° I I 
250...., 5300.99 | 5300.93 | Cr 2 ° 4 2 
350....| 5302.44 | 5302.48 | Fe-Nd 5 2d |) 8-3 2-2 
300 5303.56 | 5303.52) V-La | (?)1 IN 1-3 2-3 
250 | 5306.03 | 5306.04 | Cr ° ° I 
400....| 5307.57 | 5307.54 | Fe 3 | 2 2 I 
250....|| 5308.66 | 5308.60 | Cr ° ° L2 
5312.57 | 5312.55 | (7) 0 ° 
250... 5313.02 | 5313.03 cr ° ° 
250. . 5313-74 | 5313-70 | Cr | | I I 
250 5314.41 | 5314.42 | - | oooN | ° 
250 | 25 | Fe I ° I 
850....| 5316.83 | 5316.86 | Fe-Co (3) 6 12 -4 |} L3- 
250 5318.48 | 5318.53 | Sc 00 oN I i 
250 5318.95 | 5318.96 | Cr ° ° 2 I 
300 5320.04 | 5320.07 \d-Fe (2) 1 id? | 10-1 | 
300 5321.26 | 5321 29 | Fe 2 I I 
300 $332.25. | $322.23 Fe 3 I | I 
300 §323.05 | ....... I 
400 5324.40 | 5324.37 | Fe 7 | 4 |} 2 | § f° 
250....|| 5326.63 | 5326.61 | | (7) 00 
500....|| 5328.20 | 5328.24 | Fe 8d? 8 | 15 6 
500....| 5328.61 | 5328.65 Fe, Cr (3) 6 6 8, 10 | 2, 10 
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TABLE I—Continued 
T | a 
Wave-LENGTHS | INTENSITIES 
CHROoMO- | SUBSTANCE 
| Rowland Rowland Arc Spark 
tm | | 
350... .| 5320.36 5329.33 | _Cr 3 * 
350 5330.14 | 5330.18 | Fe, Sr 2 I 2,20 | -f 
250 5330.78 | 5330.75 Ce 000 ° 4 | 2 
250 5331.56 | 5331.64 Co ood ° 4 cee 
350 5333.02 | 5332.98 | Fe,Co | (7) 5 2d | %- 
250 5335-06 5335-05| Co | 1 ° 3 
450....| 5330.04 | 5330.07, Ti | 4 5 I Lio 
300 5337-94 5337.92 | Cr (7) 1 2d I 
250 5339-58 5339.61 | Co oo ° 2 
250.. 5340.16 | 5340.12 | Fe 6 2 10 2 
450 5341.28 | 5341.23 |Fe-Mn-Co| (?) 8 3d 10-15-5 2-8- 
250 5341.68 | 5341.67 | Ti 000 ° I I 
300 5342.87 | 5342.89 Co I 2 10 
300 5343-04 5343.60 | Co-Fe | 2 2 8-1 
250 5344.70 5344.77 | V-Co | oooN ° 1-2 I- 
35° 5345.90 | 5345.00, Cr | 5 2 20 5 
250 5340.77 5346.73 Fe 1 
250 5347-65 | 5347-71 | Co | 
250... ; 5348.52 | 5348.52 | Cr 4 I | 10 3 
400 5349.04 5349.05 | Ca | 4 | | 
350 5349-88 | 5340-03 | Fe | I 1 
300. 5350.34 5350.30 | Zr-Mn | (3) 1 I | 2-3. I-I 
300....|| 5351.18 | 5351.26 | Ti | © ° 3 
250....|| 5352.18 | 5352.23 | Co | I 2N | 10 al 
500 5353-60 | 5353.60 | | (7) 3 sd | 3, 10, 8,3 | 1, -, 10, § 
| | | | 
250....|| 5355-95 | 5355-92 | Sc | of | ... | 2 
250.... §357-40 | 5357-38 | Se | ° I 
250....| 5359-40 | 5350-39 | Co | oo | 10 
350....| 5361.76 | 5361.81 | Fe-Eu | I | I 1-3 ‘ 
500 5303.05 | 5363.06 - 3 8 ses 
250....|| 5364.66 | 5364.62 - | 000 ° 
300 5305.04 | 5365.07, Fe | 5 | 3 20 2 
300....| 5365.53 | 5305.60| Fe | 3 #|~ 3 3 I 
300. 5306.79 | 5366.83 | Ti 000 | od ? I I 
350 5367.64 | 5367.67 | Fe 6 3 20 2 
250 5308.41 | 5368.40 od 
300 5369.81 | 5369.78 | Co-Ti | I I 10-2 -3 
350 5370.16 | 5370.17 | Fe | 6 | 3 20 3 
500 | 5371.69 | 5371.69 | Fe | @)7 8 15 6 
300 5373-82 | 5373-90 | Fe,Cr | 2 1d? 2,1 -,1 
300 5377-80 | 5377.80 | Mn | 2N 2 10 3 
300....|| §379-70 | 5379.78 Fe 3. 2 2 I 
250 5380.54 | 5380.52 - oN ° were 
400. . 5381.23 | 5381.22 Ti-La 2 4 -3 L4-1 
fo $900.0 | ....-.. oN 
400. . 5383.50 | 5383.58 Fe 3 3 50 6 
250 5385-75 | 5385.78 ° 
250 5388.55 | 5388.55 | Ni,V | 00 ° 2,3 “8 
350 5389.67 | 5389.68 Fe 3 2 | I 
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TABLE I—Continued 


CHROMO- 
SPHERE Rowland 
km 
250 5390.03 5390.05 
300 5399-59 5399-55 
350.. }5391.01 5391.00 
350 5391.84 5301.82 
250 5392.18 | 5392.21 
400 5393-39 5393-38 
350 5393-95 (5303.62) 
350 5394.86 5304.88 
250 5395-37 5395-42 
250... 5390.47 5390.45 
800 5397-34 5397-34 
300 5397-85 5397.82 
350. . 5398.46 5398.49 
350. . 5399.62 5399.68 
400... 5400.05 5400.71 
250.. 5401.77 
200... 5402.19 (5402.18) 
35°. 5402.96 5402.98 
300... 5493.97 {5404.03 
450... 5404.31 5404.36 
300. . 5405.58 5405.55 
600. . 5406.04 5405.99 
300 5407.00 | 5406.98 
450. 5407.70 | 5407.64 
300... 5409.36 | 5409.34 | 
350 5410.01 5410.00 
400.. 5411.09 5411.12 
300. . 5411.44 5411.43 
250....| 5413.43 | (5413.43) 
300... 5414.24 5414.28 
400... 5415.43 5415.42 
250. . 5417-25 5417.25 
250.. 5418.35 | 5418.41 
400. . 5419.00 5418.98 
250... 5419.49 
400... 5420.49 | 5420.56 
300 5421.14 5421.13 
350.. 5424.27 | 5424.29 
300. . 5424.85 | 5424.86 | 
350... 5425.50 | 5425.46 
250....|| 5427.44 | 5427.43 
600. . 5429.93 | 5429.91 | 
250....|| 5430.56 | 5430.57 | 
300. . 5431.80 5431.75 
350.. | ......- 
400. . 5433-10 5433.16 
250.. 5433-85 5433-84 
500 5434.74 5434.74 
350 5435-99 5430.07 
350 {5436.52 [5436.51 
350... .|||5436.83 |\5436.80 
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Arc Spark 
I 
I 
Sc 
Fe 2 
Ce 3 
Mn I 
Fe | 
I 
Fe-Ti 6-2 
Fe? 
Fe 3 
Mn 10 2 
Fe 10 I 
V-Co 8- 10- 
4 8 4s 
Fe > 
Fe | 50d: 6 
Fe I5 0 
Mn (?) [| 10 2 
Fe I 
Cr 20 8 
Fe 20 3 
Ni 8 I 
Co 3 
Fe-V 5 50-10 6-10 
Fe ° I 
(2) 00 | 
Ti I L4 
Mn-V iN | | 10-2 3-2 
Cr fore) I 
Fe-V_ | 6 100-5 8-5 
I | 5-50 I-3 
| I 
0000 I 
6d ? I 20 6 
fore) I 
: | 000 + 3 
Fe 2 I 
Fe 5 I 5 
| Ni 2 I 
Fe I | s 
Fe I 
ve 
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TABLE I—Continued 
Wave-LENGTHS INTENSITIES 
HEIGHT OF 
CHROMO- SUBSTANCE : 
‘ Rowland Rowland Arc Spark 
km 
250 5437-49 | 5437-41 - ° 
250 5438.48 5438.51 Y, Ti 000 ° 5,1 2 
250 5441.52 | 5441.55 | Fe ° I 
250 5442.78 | ... ° 
250 5444.70 | 5444.80 Co oo I 15 
350 5445.2 5445.26 Fe 4 3 20 2 
500 5447.06 | 5447.06 Fe-Ti (2) 8 7d? 20-1 6-1 
300 5448.60 | 5448.58 Fe feve) I I a3 
300 5451.27 |(5451.25)| Sr, Nd ° 20, 4 2,3 
300 5452.26 | 5452.31 Ti fore) ° I 
250 5453-38 5453.44 Ni 00 2 
250 5454-18 | 5454.20 ° 
300 5454.80 5454.78 Cr oo ) 10 
500 5455-79 5455.78 Fe (7) 6 8 50 6 
350 5460.70 | 5460.72 Ti fore) oN I 2 
300 §462.75 | (5462.7 Ni I I 5 
350 5493.15 4 5463.17 Fe 3 2 8 I 
400 5463.46 5463.49 Fe 3 3 10 I 
300 5404.35 5464.39 Cr-Fe (?) 1 1d -I L2-1 
300 5406.61 | 5466.61 Fe-} 3 2 4-10 I-3 
250 5407.17 | 5467.20 Fe I I esa 
250 5407.04 | 5407.61 000 ° 
250 5408.05 | 5468.07 V- (?) 00 ° I I 
250 5408.67 | 5468.60 |Ce, Er, ¥| oood? ° 4, 4,4 2,52 
300 5470.30 | 5470.30 Fe ° 
300 5470.84 | 5470.84 Mn (7) 1 2 10 2 
300 5471.47 | 5471.41 Ti-V 000 ° 2-2 2-3 
400 sq72.82 | ..... I 
300 5473-57 | 5473.59 } 000 ° 3 3 
h 450 5474.09 | $474.11 Fe 3 2 5 I 
400 5479.47 {5476.50 Fe 1 2 3 I 
500 5476.96 |\5476.99 | Fe, Ni (7) 8 8 8, 30 I, 10 
250 5477-91 | 5477.90 Ti fore) I 3 4 
250 5478.67 | 5478.67 Fe ° ° 
250 5480.22 | 5480.18 = 000 ° 
250....|| 5480.96 | 5480.95 Fe-Cr (7) 1 2d 2-2 I-I 
300 5481.58 | 5481.55 |Fe-Mn-Ti, (?) 2 1d 4-8-2 -I-3 
250 5482.05 | 5482.08 Ti | 00 | ° I 2 
350....|| 5483.42 | 5483.43 | Fe,Co | ()2 | 2d 2, 10 oe 
250 | 5485.26 | 5485.27 Nd 0000 ° 3 2 
250....| 5485.83 | (5485.86) Nd 1 8 4 
300 | (5487.34 | 5487.35 Fe I I I 
300 5487.74 | 5487.72 ooN ° 
350 (5487.98 | 5487.96 Fe 3 3N 6 I 
300... || $489.05 | $480.98 | Co- | | 1 
250 5490.31 | 5490.37 Ti ° ° 3 4 
350 5490.92 | 5490.92 | ° 2 
250 5492.10 | 5492.05 Fe | 00 od I 
250 5404.65 68 | | ° oN I 
5497.62 | , Y | 0000 50, 8 
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TABLE I—Continued 


INTENSITIES 
CHROMO- SUBSTANCE 
SPHERE | Rowland Rowland Are Spark 
km | i 
250.... | 5499.75 5499.80 00 ° 
400 {5501.67 5501.68 Fe 5 5 8 2 
250. |\ 5502.24 5502.30 Cr fore) ° I 
300. |) 5503-22 5503.2 Fe I 2 I 
300 5503.71 ooN ° 8 2 
300 5504.18 | 5504.18 Ti-Ni (2) 1 I 3-2 . 
300 | 5506.04 | 5506.10 Mn I I 8 I | 
400 5507.01 | 5507.00 Fe 5 5 8 2 
350° 5508.76 5508.73 Cr (7) 1 2 L3 
400. . 5510.16 5510.19 Vi-} (2) 2 4 6-8 -4 
5510.82 5510.83 fore) 2 | 
250....|| 5511.62 | 5511.64 - 000 
300... 5512.47 | 5512.47 Fe I I I I 
350 5512.72 | 5512.74 Ti 2 2 5 10 
35° 5513.20 5513.20 Ca 4 I 8 2 | 
350 5514.49 | 5514.56 Ti 2 2 3 8 
350 5514.77 (5514.75 Ti 2 2 3 8 
250 5515.87 | 5515.86 - feye) fe} 
250 5510.55 ° i 
350 5516.94 5516.99 Mn (7) 1 2 10 2 
250 5517-25 | 5517.2 Fe ° ° 
250 5517.76 | 5517.76 fore) ° 
250 5518.32 5518.31 - 000 ° 
250 5521.14 5521.16 - OoN ° 
300 5521.40 | 5521.43 - (2) 0 I 
300 | 5521.84 | 5521.80 } 00 ° 5 3 
350 5522.65 5522.66 Fe 2 2 2 I 
350 | 5525.81 | 5525.76 Fe 2 2N 2 I 
600 | 5527-10 5527.93 Sc 3 fe) 8 3 
250 | 5527.80 | 5527.80 } 000 ° 10 | 3 
400... 5528.61 | 5528.64 Mg 8 6d ? 10 | 5 
300. . | 5529.29 | 5520.25 Fe- (7) 0 oN a 
400....|| 5531.01 | 5531.00 Co ooN 3 10 I 
300 5533.06 | 5533.01 Fe- ee IN I 
300 | 5533-91 od 
600 | 5535.06 | 5535.06 Sr 2 8 20 3 
400 5535-62 | 5535.68 | Fe, Ba 2 I 3, 100 2, 30 
250 5539.52 | 5530.49 000 
350 5537-95 | 5537-97 Mn ?)o I 10 I 
350 5538.71 | 5538.74 Fe I ) 
300 5539.46 | 5539.51 Fe ° ° I 
300 5549.29 | (5540. 30) Sr 20 3 
350 5543-42 | 5543.41 | Fe, Sr 2 2 3, 30 I,1 
350 5544.21 | 5544.16 | Fe 3 I 
35° 5544.87 | 5544.83 |} 000 
300 5549.77 | 5546.73 | Fe 2 ° 2 es 
35° 5550.04 | 5550.C2 | (7) 9° ° 
300. . 5552-17 | 5552-17 | Mn 000 ° 3 | I 
350 5553-82 | 5553.80 | Fe | 
250... 5554.54 ° 
400. . 5555-13 | 5555-12 | Fe 3 | 3 6 2 


\ 
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| 
| 


+ 


WAVE-LENGTHS OF THE CHROMOSPHERE 


Wave-LeNGcTHS 


Chromo- 
sphere 
5555.80 
5550.05 
5558.13 
5559.00 
5559.93 
5500. 38 
5501.42 
5501.87 
5502.90 
5503.80 
5504.68 
5505 
5500. 32 
5507.58 
5509.91 
5573.08 
5570.29 
5577-25 
5578.90 
5582.2 
5583.17 
5585 . 28 
5587.04 
5587.80 
5588 .07 
5588.95 
5589.59 
5590.31 
5591.00 
5592.49 
5593.57 
5594.79 
5590.40 
5597 .7° 
5598.64 
5599.75 
5000 

5 


Rowland 


1.40 
61.88) 


12.93 
63.82 
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5620.72 
5623.18 


TABLE I—Continued 


INTENSITIES 
SUBSTANCE | 
Rowland | Arc 
oN 
(7) 1 2 2 
V-Co od 2-3 
- ° 
Fe 2 1 2 
Nd ° 2 
V ° 2 
Fe 2 2 2 
Fe 3 3 3 
Fe 3 5 6 
- fore) I 
Fe 2 3 2 
Me 6 6 10 
re (?) 7 7d 20 
Fe 4 4 10 
Eu 00 ° 10 
Ni I 4 5 
Ca, } 4 I 10, 8 
Ti 000 ° 
IN 
Fe 7 5 30 
Fe ° I 
Ni I 2 5 
Ca 6 4 20 
Ni ° ° 4 
Ca 3 I 8 
Co 000 I 8 
Ni-Co I 4 8-2 
Ni ° 2 8 
Ca, Fe (7) 5 4 20, 3 
- 000 oN 
° 
Ca, Fe (?) 5 4 20, 5 
I 
Ni rere) I 4 
Fe ° 2 I 
Ca-Ce 3 2 10-4 
Ca, Fe (7) 7 5 10, 10 
I 
00 fe) 
Ce- (?) 00 ° 3 
000 
° 
Fe 6 8d 50 
Fe ()0 I I 
Fe I I 2 
° I 
Nd-Fe | ° IN 
Ce fore) I I 


477 


2 
3 
I 
I 


w 
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| 
| 
| 
Spark 
58.17 
59 .00) 3-1 
59.87 
| 
2 
I 
565.93 I 
566.30 
507.62 
500 569.85 
500 573-11 
500 570.32 
300 577-25 a 
600 582.20 
250 583.19 
400 
| 
4oo 
75° 
300 
400 
400 
00 | Fe 
4 
400 
a 500 8, - 
300 
250 
500... 5598.67 81 
250 > 
25 
400 5000. 24 } 
400 5600.45 
500 5601.52 | 5601.50 3-1 vier. 
500 5603.13 5003.14 3,1 
350 5603.54 
250. 5607.87 5607.89 
350 5610.35 5610.34 
250 5611.81 5611.86 
250 5614.80... 
500 5615.87 | 5615.88 4 
300.. 5617.44 | 5017.41 
250 5618.87 5618.86 
250.. 5619.85 5619.82 
250.. 5620.73 8- es 
250 5623.20 I a 
\ 
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TABLE I—Continued 
| 
Wave-Lencrus INTENSITIES 
CuRomo- SUBSTANCE } 
SPHERE Rowland Rowland Arc Spark 
km 
350 5624.2 5624.24 Fe I I I 
400 5624.76 | 5624.77 Fe 4 3 10 I 
350 5625.61 | 5625.66 Ni- (7) 1 2d? 8 I 
250 5626.90 | 5626.92 Er-Ce | (?) 00 ° 3-1 I 
300 5627.82 | 5627.86 V oo I 10 10 
250 5628.20 | 5628.2 - 000 ° 
250 5628.70 | 5628.71 Cr, Ni | (@)o od 3, 2 2 
250.. 5632.07 | 5632.06 - | Go od 
350.... 5634.17 | 5634.17 Fe | 3 2 3 
300 5635.07 sevens fo) 
300 5035.43 | 5635.41*, C o00 oN 
300 5636.01 | 5636.04 Fe | I I I 
350 5637.46 | 5637.48 Fe-Ni | (2) 2 2d 2-3 I 
350 5638.49 , 5638.40 Fe | 3 3 3 
250....| 5639.03 | 5638.98 Ni 00 ° 
300 5639.72 oN 
300.. 5640.48 | 5640.54 Er ° I 3 
400 5641.14 | 5641.21 Ti-Sc_ | I 2 -3 I-I 
so... 5641.66 5641.67 Fe | 2 2 2 
250 5643.03 5642.98 Fe-Ti 00 od 
250 5643.78 | 
300 5944.31 5644.37 Ti ° 3N 3 10 
250 5645.87 | 5645.83 Si? | I ° | 
250 5646.90 5646.90 ~ | 00 ° 
250 5647.45 | 5647.46 Co | 00 ° 10 
250.. 5648.86 | 5648.80 Ti | oe I 2 3 
350 5649.66 | 5649.61 | Cr ooN I 2 I 
350 5650.08 | 5650.10 Fe (*) 2 I 2 
250....|| 5650.72 1d 
250....|| 5651.67 | 5651.69 Fe-V ° oN I 2 
250 5652.58 | 5652.54 Fe | I ° I a 
350....|| §655.62 | 5655.61 Fe | (?)3 4d 4 
600. . 5658.06 5658.10 Sc 2 5 4 2 
500. (5658.50 |[5658.56 Sc ° 3 2 I 
500.... |5658.88 \5658.96 Fe-Cr (3) 6 2 15-1 I- 
300.... | 5660.92 | 5660.91 | - (3) 1 IN | 
300....|| 5662.38 | 5662.37 Ti ° ° 3 8 
400. |{5662.72 | 5662.74 | Fe 4 2 10 I 
400 5663.15 | 5663.16 | Y-Ti-Fe I 3N 10-I-I 15-2- 
350....|| 5664.09 I 
350....|| 5667.42 | 5667.37 | Sc ° 2 | 2 I 
300... .|| 5667.70 | 5667.74 | Fe I 2 
400....|| 5669.23 | 5669.26 Sc I 3 3 I 
250....|| 5670.04 | 5670.06 | Ni,Ce | ()1 od | 24 | 14,2 
350....|| 5670.99 | 5671.07 | V ° ° 10 10 
300....|| 5672.13 | 5672.05 | Sc ° IN 8 I a 
350....|| 5675.64 | 5675.65 | Ti 2N IN 3 4 
350 | 5679.25 | 5679.25 | Fe 3 3 3 


* Head of second carbon band. 
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TABLE I—Continued 
| Wave-Lencrus INTENSITIES 
HEIGHT OF 
Rowland Rowland Arc Spark 
km | 
ae 5682.43 | Ni 2 8 1 
5682 3 Na 5 id 10 
350 | {5684.44 | 5684.42 Se I 3N 3 I 
300 5684.70 | 5684.71 Si 3 ° 
250 | 5085.67 5085 06 | ood 
300 5086.74 | 5686.76 | Fe 3 2 5 
350 5688.45 | 5688.44 Na |; 6 IN 15 
300 5089.50 od 
300 | 5690.72 | 5690.65 Si 3 ° 
250 | 5091.62 | 5691.71 Fe 2 ° 2 
350 5693.91 | 5693.86 | Fe 3 2 2 ; 
350 || 5695.11 | 5695.12 Ni-Cr (?) 2 3d 10-3 I-I 
350....| $698.55 5608.56} Cr I 3 4 2 
350 | 5698.80 5698.75 3 I I 10 15 
| 300 §700.45 | 5700.45 | Sc-Ni-Cu| (?)0 ° 5-2-30 1-1-8 
| 400 5701.34 | §701.32 Si IN ° 
500 5701.70 | 5701.77 | Fe 4 2 4 
400 || 5703.78 | 5703.80 V I 2N 10 10 
250 | 5705.62 | 5705.69 Fe 1 ° 2 
350 | 5706.20 | 5706.22 Fe 3 2 4 
350 | 5707.20 | 5707.24 V-Fe (2) 1 I 8-1 10- 
5708. 32 Fe I I 
$708.46 5708.62 Si 3N | 1d I 
400 || 5709.64 | 5709.69 | Fe, Ni | (?) 10 3 10, 10 a 
400 5711.15 ‘ I 
400 || 5712.10 | 5712.10 | Ni-Fe-Ti 3 5-1-1 I-2 
400 | §71§.33 | 5715.31 | Ni-Fe-T3 5 2 10-2-2 I-2 
40o....| 5718.08 | 5718.06 | Fe 4 
300 5719.80 | 5719.80 | - I ° 
350 5720.66 | 5720.67 | Ti ° | ° I 1 
Pt 350 | 5727-27 | §727.27 | V-Ti 2N 2 10-1 10- 
300 | 5731.92 | 5731-908 | Fe 4 I 3 
250 | 5732-54 | 5732-52 | = ° ° | 
250 {5747-96 | 5747.80 | I 
250....! (5748.34 | 5748.38 | Fe, Ni | (7) 4 id | 1,3 
250 || 5752-20 | 5752.25 Fe 4 | I 2 
400....| §753-35 | 5753-34 Fe 5 5 1 
400 5754-85 | 5754.88 Ni 5 2 | 8 I 
300 5760.88 | 5760.89 Ni-Fe (*) 3 1d | 8- I- 
300 5763.09 | 5763.12 Fe- (3) 7 I | 10- I- 
300 5774-23 | 5774-25 Ti ° | 
250 5778.63 | 5778.68 Fe I ° 
350... 5780.86 | 5780.82 Fe 2 I I 
400. §782.37 | 5782.35 | Fe,Cu | (?7)6 2 5, 5° I, 10 
300 5784.11 | 5784.08 Cr 3 ° 8 | I 
‘ 250 5784.88 | 5784.88 Fe I ° ere 
[5785.19 Cr 2 3 
35° 5785.28 5785.50 Fe | I 
300 5786.11 | 5786.04 Cr-Tt | @)2 ° 5°3 1-3 
350 5791.27 | 5791.24 | Cr-Fe 3 I 15-1 3- 
350 5798.05 | 5708.08 | 
{ 
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TABLE I—Centinued 
Wave-LencrTus INTENSITIES 

HEIGHT OF 
CHROMO- | SUBSTANCE 

yo Rowland Rowland Arc Spark 

km 

200... . 5804.54 | 5804.48 | Ti ° ° 3 3 
300 5805.48 5805.44 Ni 4 ° 15 

300 5806.91 5806.95 Fe 5 ° 2 4p 
250 5809.48 5809.44 Fe 4 ° I 

300 5812.14 | 5812.14 Fe ° fe) 

300 5814.21 | 5814.23 - fore) ° 

300 5816.57 | 5816.60, Fe 5 fe) 5 

250 5828.07 | 5828.10 = ° ° 

300 5852.45 | 5852.44 Fe 3 ° 

400 5853.90 5853.90 Ba 5 4 2 100 
400 5857.72 | 5857.67 Ca 8 3 10 4 
300 5859.75 5859.81 Fe 5 I 4 I 
350.... | 5862.64 | 5862.64 Fe 6 2 10 I 
250 5864.50 5864.46 ° 

250 5866. 38 ° 

300 5867.87 

7500 5876.42 | (5875.87) He 40 
300 5879.94 5879.94 Zr I ° 4 I 
1000. . 5890.4 5890.19 Na 30 10 1000 10 
400.. 5892.7 5892.6 - 3 I 

400 5893.3 5893.1 Ni 4 I 10 I 
1000. . 5890.1 5896.16 Na 20 10 1000 8 
300 5899.5 5899.5 Ti I ° 2 10 
300 5906.0 5905 9 Fe 4 ° 3 

400 5914.2 5914 3 Fe 4 2 10 I 
400 5916.4 5916.5 Fe 3 I I 

300....|| 5922.0 

250 5928.0 | 5928.0 Fe 2 fe) I 

400 5929.9 5930.3 Fe (7) 8 2d? 10 I 
400. 5935-1 5934.9 Fe 5 2 3 I 
400 5948.4 5948.8 Si 6 I : of 
500....|| 5953.2 5953.0 Ti-Fe 2 3-2 10-1 
400 5950.7 5950.9 Fe 4 I I a 
400 5906.1 5906.1 Ti 2 I 2 10 
300 5975-5 5975.6 Fe 3 2 

300 5977.09 | 5977.0 Fe 4 ° 3 

300.... | 5984.0 5983.9 Fe 5 I 4 I 
400 5984.9 5985.0 Fe 6 I 8 I 
4oo.... | 5987.2 5987.3 Fe 5 I 4 

300 5991.5 5991.0 a 2 I 

300 5997-6 (5997 4) Ba ° 5° 10 
400.... | 6002.9 6003. 2 Fe 6 I 4 I 
400.... | 6008.1 6008 . 2 Fe 4 I 2 

400. . 6016.9 6016.9 | Mn 6 I 30 I 
40o.. 6020.3 6020.3 Fe- (2) 6 2 10- I- 
400. . 6022.0 | 6022.0 | Mn 6 I 30 I hd 
400... 6024.1 6024.3 | Fe 7 2 15 3 
300. . 6027.2 6027.3 | Fe 4 I 3 
300... 6042.3 6042.3 Fe 3 I 3 

400....|| 6056.3 6056.2 Fe 5 I 5 I 
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TABLE I—Continued 


Wave-LENGTHS | INTENSITIES 

SPHERE || Chere | Rowland | Rowland | Arc Spark 

km 

400 6065.7 6065.7 Fe 7 2 10 I 
400 6079.1 6078.9 Fe (2) 7 2 5 

300 6102.1 6102.4 Fe 6 I 5 1 
300 6102.8 6102.9 Ca 9 I 3 

300 6103.6 6103.5 Fe (7) 5 I 3 

300 6116.4 6116.4 Ni-Fe (7) 5 ° 20-1 
400 6137.0 6130.9 Fe (7) 11 I 10 3 
400 6138.0 | 6137.9 Fe 7 I 

500 6141.9 6141.9 Ba-Fe 7 5 1000-3 200 
300 6155.4 | 6155.4 - 7 ° 

300 6163.8 6163.7 Vi-Fe | 3 ° 
300 6191.6 | 6191.6 Vi, Fe |(?) 15 I 8, 10 is 


Altogether 2841 lines are here tabulated in the spectrum of the 
chromosphere. In addition to the above, many faint lines were 
measured. In some parts of the spectrum on account of the great 
density of the continuous spectrum, it was excessively difficult to 
set on these faint lines. No lines, even faint ones, were included 
in the 2841 enumerated. unless they were measured in two or more 
separate measurements. Even many lines measured at least twice 
were not included, for it seemed unwise to increase the length of 
the tables by including lines which could not be more or less posi- 
tively identified by comparison with Rowland. In attempting to 
measure the faintest lines, it was at once realized that it was easy 
to draw on one’s imagination and fancy that a line existed where 
there was possibly nothing more than an accidental lining-up of 
silver grains in spite of the fact that a rather low power of about 5 
was employed in the measurement. It is thought by the writer 
that very few lines are included in the 2841 which have not a real 
existence in the chromospheric spectrum. In Table IIT will be seen 
that only 126 lines are included which have not been identified 
with lines in Rowland. 

In order to give an idea of the intensities of the lines of the 
chromosphere, Table II is added which gives the individual inten- 
sities of the lines for each hundred angstroms of wave-length. 
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In Table ITI is given a summary of all lines arranged according 
to the element producing them. In making this table, it was a 
problem to know the best way to treat lines which are due to more 
than one substance. Although slightly erroneous values may be 
thereby obtained, it was thought advisable to assign each line to 
only one element. In all cases, therefore, the element printed first 
in the column “Substance” in Table I was practically regarded 
as the sole cause of a line under consideration. A result of this 
procedure is seen with the element hydrogen. Thirty-five lines 
of hydrogen appear in Table I, the line at 4686.00, and 34 of the well 
known series. But 30 appear in Table III, for the reason that some 
of the fainter lines of the series have a combined source, and have 
been assigned to other sources than H as Fe or Ti. 

In the first column under “ Element,’’ — means that the lines 
were identified with lines in Rowland’s tables, but no source could 
be assigned to the lines. ‘‘ Unidentified’’ means that the lines could 
not be identified with a line in Rowland. It will be seen that there 
are but 126 of these, or in other words it has been found possible 
to assign sources to ail but 4 per cent of the lines measured in the 
chromosphere. 

An interesting comparison is made by tabulating the totals 
for the various elements given in the last column in Table III 
according to their atomic weights. In Table IV is given the periodic 
table of atomic weights with the international values adopted in 
1910. This table is taken from the values in Encyclopaedia Bri- 
tannica, 11th edition, Vol. 9, p. 258, under ‘‘Element.’’ In the 
table, under each element is given, first the atomic weight, and 
second (in italics) the total number of lines from each element 
found in the chromospheric spectrum. A heavy line is drawn to 
include all the elements found. In addition to the elements 
within this heavy line there is also hydrogen, represented by 30 
lines. Ag (atomic weight, 108) and Cd (atomic weight, 112) seem 
to be represented in the chromosphere by weak lines in combina- 
tion with stronger lines of other elements, and possibly also Vd 
(atomic weight, 93) and Mo (atomic weight, 96). 

There are thus found in the chromosphere nearly all the ele- 
ments which are found in the ordinary solar spectrum. In the 
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chromosphere in addition is found helium, and also a few of the 
rare earths like Dy and Nh‘ which have been isolated since Rowland’s 
identifications were made. 

According to the comparisons of Rowland (Young, General As- 
tronomy, p. 215), the elements in the solar spectrum arranged in the 
order of the total number of lines identified are as follows for the first 


8 10 


I 2 3 4 5 6 7 9 II 
twenty-five elements: Fe, Ni, Ti, Mn, Cr, Co, C, V, Zr, Ce, Ca, 
12 13 14 15 16 17 18 I ° 21 22 23 24 25 
Sc, Nd, La, Y, Nb, Mo, Pd, Mg, Na, Si, H, Sr, Ba, Al. In the 


I 2 3 
chromosphere, according to Table III, the order is: Fe, Ti, Cr, 
4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 
V, C, Ni, Zr, Co, Mn, Ce, Sc, Nd, Y, La, Ca, H, Gd, Sa, Er, He, 

22 23 24 25 


Sr, Ba, Mg, Si, Ex. 

By comparing the relative orders of the elements in the two 
lists just given for sun and chromosphere, and also having regard 
to the general intensities of the lines in the various elements, we 
find that the elements can be divided into three groups as follows: 

Group I.—Lines strong in the sun, strong in the chromosphere: 

Ca, Mg, Al. 

Although there are relatively more lines in the solar spectrum for 
each element than in the chromosphere, these are grouped together 
on account of the great strength of H and K, the 6 group, etc. 

Group II.—Lines relatively stronger in the chromospheric than in 
the solar spectrum: 

H, He, Ti, Cr, C, V, Zr, Sc, La, Y, Sr, Ba, Nd. 

Group III.—Lines relatively stronger in the solar than in the 
chromospheric spectrum: 

Fe, Ni, Co, Mn, Na, Nb, Mo, Pd. 

Although Fe heads the list in sun and chromosphere, it is put 
in this group along with Ni and Co. 

This is practically the same grouping as was obtained in the 
discussion of the 1gor eclipse.’ From the 1gor eclipse, the group- 
ing came as a result of comparing intensities only. The grouping 
as above, coming from comparing numbers only must give the same 
results as a comparison of intensities, for the reason that if all the 


* Publications of the Naval Observatory, Second Series, Vol. 4, App. 1, p. 290; 
Astrophysical Journal, 15, 97, 1902. 
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lines of a given element are relatively strengthened, more than the 
average number of the fainter lines necessarily become visible in 
the chromosphere, and, consequently, more lines are measured. 

It is thus seen that Fe and 77, for instance, belong to different 
groups. This means that on the average a 77-line of any given 
intensity in the sun, say 5, would have a stronger line in the chro- 
mosphere corresponding to it than a Fe-line of the same intensity. 


ENHANCED LINES 


As mentioned above, the chromospheric and solar spectra 
agree exactly as to wave-lengths, but differ very greatly in their 
intensities. The differences in intensity are accentuated in the 
case of the “‘enhanced”’ lines, which are those more intense in 
the spark than they are in the arc. The importance of enhanced 
lines in eclipse spectra was first recognized by Sir Norman Lockyer. 
The present measures confirm this important réle played by the 
enhanced lines, and, consequently, there is included in the spark 
intensities Lockyer’s list of enhanced lines, denoted by prefixing 
the letter ““L.” By referring to the intensities in arc and spark, 
one can see for himself which lines, in addition to the L-lines, are 
enhanced. 

Reference to Table I will show that the enhanced lines in the 
chromosphere are not only stronger but they extend to higher 
levels than do the unenhanced lines. These greater heights bring 
as a natural result several important consequences: (1) changes 
in thermal conditions; (2) changes in electrical conditions; (3) 
changes in pressure; (4) a more ready mixing with the gases of the 
upper chromosphere, such as hydrogen. A brief glance at the 
results of the above four changes of condition may not be without 
interest. 

1. Lockyer’s explanation of the brilliancy of the enhanced 
lines has always been one mainly of temperature. According to 
him, the spark is hotter than the arc, and at the higher temperature 
of the spark, the elements are dissociated. Applied to the chromo- 
sphere, this has always borne a curious consequence. ‘To account 
for the increased strength of the enhanced lines in the chromo- 
sphere on Lockyer’s supposition that they are the result of tempera- 
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ture only, we must assume that, as we ascend to higher levels 
above the photosphere, we reach greater and greater temperatures, 
a conclusion which seems to be a rather contradictory one. The 
majority of spectroscopists disagree with Lockyer. As far back as 
1884, Liveing and Dewar' stated that ‘‘there is no good reason for 
assuming that the energy which takes the form of radiation in 
the electric discharge through a gas must first take the form of 
motion of translation of the particles, on which temperature 
depends.”’ According to Hartmann? in comparing arc and spark 
spectra, ‘‘spark lines do not correspond to a thermal radiation but 
rather to electro-luminescence.”’ 

The question of temperature in its relation to spectrum lines 
is summed up by Kayser as follows: ‘‘ We can prove no connection 
between the spectrum and the temperature, and all conclusions 
concerning the appearance of certain lines and bands which are 
based on temperature conditions are decidedly unsound.” For 
the present purpose, it is not necessary to enter the controversy 
as to whether the spark is hotter or colder than the arc. It seems 
certain that Lockyer’s conclusion that the higher chromosphere 
is at a higher temperature than the lower chromosphere is erroneous, 
but it is equally certain that the vapors of the higher chromosphere 
are nevertheless at relatively high temperatures. To the present 
writer it seems that thermal changes play a very unimportant réle 
in the explanation of the causes of the enhanced lines. 

2. As is well known, variations in electrical conditions change 
enormously the character of the lines of the spectrum. Unfor- 
tunately, we are not familiar with the nature of the electro- 
luminescence at the surface of the sun, nor are we aware of how 
the enhanced lines in particular are altered by changes in these 
conditions, and hence we shall be forced to leave this for the present 
without further investigation. 

3. Much excellent work has been done on the subject of the 
pressures at the sun’s surface. The most recent determination 
of the pressure in the reversing layer has been made by Fabry and 

t Phil. Mag. (5), 18, 161, 1884. 

2 Astrophysical Journal, 17, 270, 1903. 

3 Handbuch der S pectroscopie, Bd. I, p. 181. 
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Buisson,’ who give a value of 5 atmospheres. Perot’s value is 
substantially the same. In the chromosphere at the average heights 
of the enhanced lines, the pressure would be very much less. 
According to the researches of Gale and Adams,’ the titanium arc 
at reduced pressures shows a marked increase of relative intensity 
for the enhanced lines. Barnes found a similar result for Al, Mg, 
and Cu. Moreover, Gale and Adams found that the enhanced 
lines show materially larger displacements both at the sun’s limb 
and under pressure than do the other lines. They also showed that 
at moderate pressures the enhanced lines remain bright while a 
majority of the other lines are reversed. These various considera- 
tions prove that pressure is a very potent factor in altering the 
character of spectrum lines and that enhanced lines in particular are 
very sensitive to changes in pressure. Conclusions seem obvious. 
Enhanced lines, for some reason (as seen from Table I), in the 
chromosphere ascend to much greater heights on the average than 
do lines of the same element not enhanced. At these higher eleva- 
tions, pressure is much reduced. This reduction in pressure causes 
a brightening of these lines. It was pointed out above that since 
the moon gradually covers up the chromosphere, the strongest 
lines, in general, are those which correspond to vapors which 
extend to the greatest heights. But high elevations cause a reduc- 
tion in pressure which entails a strengthening of the enhanced 
lines. The prime cause, therefore, of the strengthening of the 
enhanced lines is the heights to which the vapors ascend. These 
great heights bring an additional consequence as enumerated in 
(4), viz., the vapors belonging to the enhanced lines are more 
readily mixed with the higher gases of the chromosphere such as 
helium and hydrogen. It is a well known fact* that an atmosphere 
of hydrogen has the effect of strengthening the enhanced lines. 
Hence, we find here another cause for the greater strength of the 
enhanced lines. 

The final conclusion therefore seems to be that the vapors 
forming the enhanced lines ascend to relatively high altitudes from 


* Astrophysical Journal, 31, 97, 1910. 
? Tbid., 35, 10, 1912. 
3 [bid., 34, 159, 1911. 4 Crew, [bid., 12, 167, 1900. 
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which results a decrease in pressure and a mixing with hydrogen, 
and that on account of height, reduced pressure, and the presence 
of hydrogen, the enhanced lines become relatively strong. 


ELEMENTS IDENTIFIED 


As may be seen from Tables IIT and IV, 32 elements are found 
in the chromosphere. As before stated, these two tables give only 
those identifications which may be regarded as the principal cause 
of each chromospheric line. In addition to the lines in Tables IT 
and IV, there are many in each element not enumerated there 
because they were of minor importance in the blended lines, but 
which, nevertheless, appear in Table I and correspond to lines of 
the chromosphere. A comparison of Table I with Vol. 1 of Exner 
and Haschek’s tables where is given a codex of the strongest lines 
of the different spectra shows that, practically without excep- 
tion, the chief lines of each of the 32 elements are found in 
the chromosphere. 

From the tables, one can readily see the elements identified. 
A few need special mention. 

Hydrogen.—Including H,, which is on the plane grating spec- 
trum, but which is not enumerated in Table I, the wave-lengths of 
35 lines of the hydrogen series are given. As above stated, on 
account of the great heights to which hydrogen ascends, it is im- 
possible to determine wave-lengths from slitless spectra with as great 
an accuracy as if a slit had been used. Nevertheless, the measured 
wave-lengths agree closely with Balmer’s well known law where the 
limit of the series is at \ 3646.125. At the thirty-fifth line, the 
hydrogen lines crowd closely together in the spectrum, being 
separated by approximately 0.5 angstrom. <A few additional 
hydrogen lines were measured, but they are not tabulated. The 
values of wave-lengths agree closely with those determined by 
Dyson from the eclipses of 1900, 1g01, and 1905.’ 

A line near \ 4686 has been observed in many eclipse spectra. 
Fowler,? by laboratory experiments, has found this to belong to 


t Phil. Trans. y. Soc., 206 A, 438, 1906. 
2 Monthly Notices, R.A.S., '73, 62, 1912. 
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the principal series of hydrogen and measured its wave-length as 
4685.98 on Rowland’s scale. This line is well seen in the present 
spectra as a diffuse line extending to 2000 km above the photosphere. 
From these slitless spectra, accurate measures of its wave-length 
are rather difficult. The value of the wave-length from the present 
spectra is 4686.00. 

If any lines of hydrogen are present other than those belonging 
to the well known series and this one line of the principal series, the 
lines must be weak in intensity. 

The rare earths.—Ot the 2841 lines tabulated, no less than 336. 
or about one-eighth of the total, belong to the rare earths. Chem- 
ists have been able to divide and subdivide these, so that at the 
present (1913), the separation of these elements is given in Table 
The elements are given in #falics. 

Reference to Exner and Haschek, Bd. I, p. 35, will show that 
these elements are very rich in lines both in the arc and spark. 
Practically, all the rare earths are represented in the chromosphere 
by their strongest lines. 

Rare gases of atmospheric air.—In 1903, the writer announced? 
the presence of neon and argon in the flash spectrum of the 1901 
eclipse. According to Eversheds these conclusions were based on 
insufficient evidence, since the wave-lengths of the neon lines were 
not known at that time with sufficient accuracy to give a decisive 
result. 

The writer has not thought it necessary to here tabulate wave- 
length comparisons. He finds that in the region A 3300 to A 6200, 
there are twenty-five lines of neon having an intensity of 4 or greater. 
Of these lines, there are only four falling sufficiently close to 
chromospheric lines to be considered coincidences, and these lines 
are not the strongest lines of neon. In the argon spectrum in the 
same region, there are sixty-one lines with intensities greater than 
4 in the red and blue spectra as given by Kayser, and but fourteen 
cases which might be called coincidences, the lines again not being 

tSee Encyclopaedia Britannica, 11th ed., Vol. 22, p. gog, under “Rare 
Earths.” 

2 Astrophysical Journal, 1'7, 224, 1903. 

3 Kodaikanal Bulletin No. 27, 1912. 
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the strongest. In both the neon and argon coincidences, the lines 
are sufficiently identified with lines in Rowland. 

Although Mr. Evershed and the writer do not in all cases agree 
on the identification of the lines in the violet, they arrive at the 
same conclusion, viz., that there is no evidence to show that neon, 
argon, krypton, or xenon are present either in the chromosphere 
or in the ordinary solar spectrum. 

Radioactive substances —The writer's opinion regarding radium, 
radium emanation, and uranium in-the sun has been published in 
Astronomische Nachrichten, 4600, and Popular Astronomy, 21, 1, 
1913. His conclusions, which do not agree with those of Dyson.’ 
are as follows (Popular Astronomy): “‘From theoretical considera- 
tions we are positively convinced that there must be radium in the 
sun. But to prove this is another problem! With the spectra we 
already have, we can prove nothing more than accidental coinci- 
dences.”’ 


THE FLASH SPECTRUM WITHOUT AN ECLIPSE 


Comparisons of the present spectra with those obtained by 
Hale and Adams?’ will not be without interest. Their photographs 
were made with the 60-foot tower telescope and 30-foot spectro- 
graph of Mount Wilson. The solar image given by this telescope 
is 6.7 inches (17 cm) and the dispersion is such that for photo- 
graphs in the second order 1 mm=o.9 angstrom. 

Although their dispersion was about twelve times that used 
by the writer, in the region from A 4492 to A 4584 they give alto- 
gether 37 lines. In the same region in Table I will be found 118 
lines, or over three times as many. In the green region, where 
their visual object-glass performed to much better advantage, they 
have photographed between A 5111 and A 5198. The writer made 
a close comparison (which those interested may readily do) between 
their wave-lengths and his values in Table I, and reached the follow- 
ing conclusions: (1) In spite of the twelvefold greater dispersion, 
the wave-lengths have about an equal accuracy. (2) Practically 
every line in Hale and Adams is found in Table I. (3) From 


Astronomische Nachrichten, 4589. 
2 Astrophysical Journal, 30, 222, 1909. 
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Hale and Adams’ list, there are some curious omissions. They 
have no lines between \ 5126.18 and X 5130.76, omitting the 
chromospheric line at \ 5129.41, an enhanced 77-line of intensity 3. 
They have measured no lines between \ 5138.70 and A 5141.38 
leaving out the Fe-V line of intensity 4 in the chromosphere at 
4 5139.60. Many relatively strong lines in the chromosphere 
did not appear in their photographs, although very weak lines of 
the green carbon band were measured. It seems that the differ- 
ence in the two spectra, with and without an eclipse, is one mainly 
of elevation, the spectra without an eclipse being taken at a higher 
elevation. Consequently, eclipse spectra include all the lines 
taken without an eclipse, and in addition lines of lower level, the 
latter probably outnumbering the former. Taking the whole 
spectrum, it may not be unreasonabie to say that the 1905 flash 
spectrum would have twice as many lines with wave-lengths quite 
as accurate as those obtained with the 60-foot tower telescope. 
The results from the use of the 150-foot tower telescope at Mount 
Wilson will be watched with the greatest interest. 


GENERAL CONCLUSIONS 

As a result of these 1905 eclipse spectra it seems safe to make 
the following conclusions: 

1. The flash spectrum is a reversal of the Fraunhofer spectrum. 

2. The flash is not an instantaneous appearance, but the chromo- 
spheric lines appear gradually. At the beginning of totality, those 
of greatest elevation appear first, and at the end of totality remain 
the last. The ‘reversing layer’? which contains the majority of 
the low-level lines of the chromosphere is about 600 km in height. 

3. Wave-lengths in chromospheric and solar spectrum are 
practically identical. 

4. The chromospheric spectrum differs greatly from the solar 
spectrum in the intensities of the lines. 

5. These differences in intensity find a ready explanation in 
the heights to which the vapors ascend. 

6. Especially prominent in the chromosphere are the enhanced 
lines which become brighter mainly because at the heights to which 
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they ascend the vapors are mixed with hydrogen at reduced pres- 
sures. 

7. The great value of gratings for eclipse work is shown by the 
present spectra. The normal spectrum permits a ready determina- 
tion of wave-lengths which are quite as accurate at the red end of 
the spectrum as they are at the violet end. Of gratings, plane and 
concave, the latter are to be preferred. 

8. Compared with the writer’s eclipse measures of 1go1, the 
present spectra are in better focus, and extend farther to both the 
red and violet ends. The wave-lengths of the present paper were 
closely compared with those of Evershed' for the eclipses of 1898 
and 1900, and with those of Dyson? obtained at the eclipses of 
1900, 1901, and 1905, both of whom used prisms. Their wave- 
lengths are quite accurate in the violet, but gradually decrease in 
accuracy toward the red due to the decrease of dispersion inherent 
in prismatic spectra. 

9g. The present spectra were obtained at the central line of 
totality. It might be well to goin 1914, as Evershed went in 1900, 
near the edge of the shadow-path. This would permit of relatively 
longer exposures on the regions of lower-level. If spectra were 
obtained with a dispersion equal to or greater than the present, 
comparisons would be very interesting. It would be desirable 
to extend the spectrum farther into the red by the use of plates 
sensitive to the red. 

LEANDER McCormick OBSERVATORY 

UNIVERSITY OF VIRGINIA 
August 1913 
* Phil. Trans. Roy. Soc., 201 A, 457, 1903 
2 Ibid., 206 A, 438, 1906. 
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DARK REGIONS IN THE SKY SUGGESTING AN 
OBSCURATION OF LIGHT 
By E. E. BARNARD 


The so-called ‘‘black holes’ in the Milky Way are of very 
great interest. Some of them are so definite that, possibly, they 
suggest not vacancies, but rather some kind of obscuring body 
lying in the Milky Way, or between us and it, which cuts out the 
light from the stars. This explanation seems to become more and 
more plausible the more we know of these objects. In previous 
papers I have called attention to this possible obscuring matter, 
splendid examples of which are connected with the great nebulosities 
about the stars pOphiuchi and v Scorpii. See Astrophysical Journal, 
31, 8, 1910, for an article bearing on this subject. 

One of the most remarkable of these spots—remarkable because 
of its smallness and definite form—is in one of the dense star- 
clouds, in the position: 


1855.0 a=18h7m d= —18°15’. 


Photographs taken with portrait lenses show it to be about 15’ 
in diameter, north and south, with its following side very sharply de- 
fined. The preceding side is diffused and sprinkled with small stars. 
Near the center is a considerable star, with one or two smaller 
ones near it. To show the location of this object in the sky, a 
photograph taken by the writer at Mount Wilson, California, on 
July 31, 1905, with the 10-inch Bruce lens of the Yerkes Observa- 
tory, with an exposure of 4"30™ is given (Plate XIX). Its true 
form, however, is more clearly shown in the fourfold enlargement 
(Plate XX, Fig. 2). : 

Known to me in my early days of comet-seeking, this object has 
always been of the deepest interest, and it was one of the first sub- 
jects that I sought to study with the Willard lens at the Lick 
Observatory. I have also examined it repeatedly with the great 
telescopes of the Lick and Yerkes observatories. In these visual 
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PLATE XIX 


North 


Biack Spot IN STAR CLOUD IN SAGITTARIUS 


1855.0 a=18'7™ —18°15 
1o-inch Bruce telescope 1905 July 31, Exposure 
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observations there has sometimes been a suspicion that I could 
see an actual object at this point. An observation of this kind, 
however, requires both good definition and good transparency. 
A little unsteadiness of the air blurs the light of the many near-by 
stars into a mistiness of the field, and a want of transparency cuts 
off any feebly luminous object and readily defeats any effort to 
see it. On the night of July 27 of the present year, the conditions 
were very favorable, both for transparency and for steadiness. 
Under these conditions the hole or spot was examined very carefully 
with the 40-inch telescope. With its following edge cutting across 
the middle of the field, which is some three times smaller than 
the spot, it was quite distinctly seen that the preceding half 
of the field, in which there were no stars, was very feebly 
luminous, while the following side showed a rich, dark sky with 
the few small stars on it. From the view, one would not question 
for a moment that a real object—dusky looking, but very feebly 
brighter than the sky—occupies the place of the spot. It would 
appear, therefore, that the object may be not a vacancy among 
the stars, but a more or less opaque body. 

The photographs with a portrait lens show this object black 
against a luminous sky. The explanation of this apparent anomaly 
is that the sky about it is filled with innumerable small stars, both 
visible and invisible, with perhaps some nebulosity. The effect 
of these upon the plate is to counterbalance the feeble light from 
the matter forming the hole, and thus to produce by contrast 
the appearance of a vacant spot; or in other words, if the object 
were placed on the ordinary dark sky away from the Milky Way, 
it would be seen and photographed as a luminous spot, sharply 
defined on one side and diffused on the other; or, similar to a 
sun-spot, it is black only by contrast with its brighter surroundings. 
Perhaps this can be made clearer when we remember that the 
scale ‘of the portrait lens is relatively very small, and that the 
stars crowd together here so thickly that their images on the 
photograph almost coalesce into a complete bright sheet, or con- 
tinuous background, on which the spot stands out strongly. This 
of course accentuates the definiteness of the hole and the con- 
trast it makes with the sky. If a sufficiently long exposure were 
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made with a long-focus instrument like the 40-inch telescope, to 
show the faintest stars on the portrait lens plate, the hole 
oi would not be recognizable except 
from the want of stars at that point. 

7 rhis is essentially what happens, only 
e> it is more marked, in the visual 
observations of this object with the 

large telescope. 
0 30” 60” At the suggestion of Professor 
[ I — J. C. Kapteyn, I have measured the 
P position of the small star in the hole 
Fic. 1——Chart of stars in With respect to stars outside of it, 
black spot 1855.0: @=18'7™; as there is a possibility that the star 
on aray. is on this side of the general back- 
ground. I have also measured the positions of several faint stars 

quite near with respect to it. See diagram, Fig 1. 


N 


THE CENTRAL STAR AND AN 8} MAGNITUDE STAR FOLLOWING 
(=B.D.—18°4871 [8™4]) 


Date Aa cos 6 a6 
1913.504 July 3 — 301791 +0’ 4073 
- 513 6 — 301.57 + 40.3 
-§2 12 — 301.65 + 40.3 
1913-515 — 301.71 +O 40.3 
*, Aa= —o™21518. 


On July 6, 1913, the Aa was also determined by transits: 
Aa= —o™21510 (8 tr.). 

On this last date also, I measured by transits the position of 
the small star relative to a gth-magnitude star preceding it, = B.D. 
— 18° 4853 (9"2) = Bordeaux A.G.C. 5373. 

1913 July 6 Aa (small star star)-+1™7i11 (8 tr.) 
+2'26"4 (4). 

These last measures give the position of the small star (which 

we shall call a): 


1913.0 a=18'10™2882 —18°15'2773. 
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Singularly enough the star 4853 is in the Bordeaux Catalogue 
(No. 5313), while 4871, a much brighter star, is not. 
Following are the measures of the smaller stars: 


a and b 
Date Dist. | Mags. 
19g11.391 May 23 285°25 80.67 13.0 
424 June 4 282.41 80.34 13.2 13.5 
429 6 282.32 80.37 
.462 18 282.14 80.59 
1913.504 July 3 282.30 80. 33 
1911 .842 282.88 80.46 13.6 
b and c 
May 23 3°62) | 25°76 15.5 
.424 June 4 3.56 | 25.38 16 
462 18 5.73 | 25.01 15 
1911426 4.30 | 25.38 | 15.5 
a and d 
1913.570 July 27} 176°13 42714 15} 
.576 29 175.83 42.43 103 
1913.573 175.98 42.28 16 


On June 18, 1911, d was estimated to be of the 16th magnitude. 
It is very faint and difficult to measure, and is shown very feebly 
on the original photograph. The star c is difficult to measure unless 
the seeing is good. 

The plate also shows a narrow black marking some 20’ following 
the one under discussion. This is very black in its north end, and 
is doubtless of a similar nature to the larger one. 

Another black spot, which I came across some thirty-odd 
years ago,’ is perhaps still more remarkable because it is even 
smaller (5’+ in diameter). It is found in a dense part of the Milky 
Way, in about the position: 


1875.0 a=17>55™1 8=—27°59’. 


t Astronomische Nachrichten, 108, 369, 1884. 
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It is a very striking object in a 5-inch telescope, where it looks 
like a drop of ink on the luminous sky. The photographs show 
it black, but with some faint stars in it. On the preceding border 
is a bright orange-colored star (perhaps Argentine General Catalogue, 
24531 [8 mag.]) 


1875.0 a=17%55™32504 —27°53/1978. 


Near the hole, and preceding it, is a cluster of small stars. 

There are many other small black spots in the Milky Way 
(which are shown on my photographs) in which I am interested, 
and of which it is hoped soon to make a catalogue. A considerable 
number of very small ones are found in the great star cloud whose 
center is in 

1855.0 a=18"46™ d= —7}°. 

With respect to the question of obscuration of light in space, 
there is one other object which strikingly shows this effect. In the 
east side of the well known nebulous stream that runs southward 
from ¢Orionis is a very conspicuous black notch which is very sharply 
defined. This striking feature is well shown on a photograph by 
Dr. Isaac Roberts which was printed in the Astrophysical Journal, 
17, Plate IV. In the text of his article (‘‘Herschel’s Nebulous 
Regions’) at p. 74, Dr. Roberts refers to the dark spot as an 
“embayment,” and dismisses it with the following statement: 
“To the south of ¢ is a stream of nebulosity, 54’ of arc in length, 
with an embayment free from nebulosity dividing it in halves.” 

This object has not received the attention it deserves. It 
seems to be looked upon as a rift or hole in the nebulosity, as 
implied in the quotation from Dr. Roberts’ paper. I have made 
numerous photographs of it, and in the past winter gave a long 
exposure with the expressed purpose of showing more definitely 
the true form of the object. This last photograph on February 7, 
1913, With an exposure of 4°33™, shows the nebulosity better than 
I have seen it before. Instead of an indentation, the almost 
complete outline of a dark object is shown projected against the 
bright nebulosity. The west side of it is very definite and sharp, 
while the eastern limit is scarcely discernible, and is entirely lost 
in the enlargement. The best description I can give of it is to 
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present the photograph of the object itself for inspection (Plate 
XX, Fig. 1). A glance at the original would show that this is not 
a perforation in the nebula. It is clearly a dark body projected 
against, and breaking the continuity of, the brighter nebulosity. 
Possibly this is a portion of the nebula itself nearer to us, but 
dark and opaque, that cuts out the light from the rest of the 
nebula against which it is projected. 

On the night of November 4, 1913, with good conditions of seeing 
and fair transparency, I examined this object with the 40-inch tele- 
scope and a power of 460. The position was carefully located with 
the aid of the photograph. The outlines of the spot—so sharp and 
clear in photographs of this region—could not be made out with 
any definiteness. The view showed that the spot is certainly not 
clear sky, for the field was dull, apparently indicating the presence 
of some material substance at this point. To me the observation 
would confirm the supposition of an obscuring medium at this 
point. 

The position of this remarkable object from the B.D. charts is 


1855.0 a= 5h3 36 o=—2 35- 
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MInoR CONTRIBUTIONS AND NOTES 


THE VARIABLE RADIAL VELOCITY OF 1173 @ PISCIUM 


The variable velocity of this double star (a= 1"57™; 6=+ 2° 17’; 
mags. 5.2 and 4.3; type Az2p) was established immediately after 
the second and third plates had been obtained. The possibility 
of misleading influence due to the spectrum of the fainter star 
led the director to suggest separating the two stars on the slit 
of the spectrograph. (The present distance of the components is 
about 274, the angle 318°.) This was readily done on a night of 
average “‘seeing’’ by removing the correcting lens, which causes the 
blue images to coalesce, and by guiding with the stars in focus for 
visual light. This involves shortening the focal setting of the spec- 
trograph by 34 mm and lengthening the exposure time to about 75™ 
for the brighter and about 1roo™ for the fainter star. 

The first pair of plates of the separated images was obtained on 
October 9, 1908, after a long and a short exposure had been made 
in the usual way to see if the presence of the fainter spectrum could 


TABLE I 


OBSERVATIONS OF THE BLENDED SPECTRUM 


No of 


Plate Date Julian Day — Velocity Lines Quality 
km 

TB 2274...... 1907 Dec. 6 2417916.551 F | — 5.0 II vV.g. 
1695......-| 1908 Aug. 24 8178.855 L | +15.6 II g. 
ye a Aug. 25 8179.780 L, B | +24.0 ite) f. 
i ee Aug. 28 8182.858 L + 2.0 9 g. 
5.) Sept. 7 8192.828 L + 6.2 8 f. 
Se Sept. 8 8193.730 L +19.0 9 Vg 
Sept. 8 8193 .765 LB 2.4 10 V.g 
Sept. 18 8203.819 L +12.9 9 
Sept. 25 8210.793 | + 6 g. 
ee Oct. 2 8217.826 L + 4.1 9 V.g. 
Oct. 8220. 780 L,B | + 4.3 4 g. 
Oct. 9 8224.659 13 V.g. 
ee Oct. 9 8224.682 L | + 8.3 7 g. 


In column 4, “‘Observer,’”’ B=Barrett; F=Frost; L=Lee. Mr. Sullivan, as usual, assisted in 
observing. 
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be detected in this manner. All later observations have been 
made upon the separated stars. Only three pairs of plates were 
obtained that season, and to our surprise, these failed to show any 
appreciable variation of velocity in either component. Additional 
plates secured during the past year prove that each star is binary. 
Meanwhile Campbell in Lick Observatory Bulletin 6, 142, 1911, 
announced the variable velocity from observations of the blended 
light. Reference to No. 1o61 in Burnham’s General Catalogue. 
shows that the changes in orbital velocity of the two stars are 
inappreciable for the period covered by the spectrographic obser- 
vations. 

On Plates 1721 and 1729 violet components were measured 
which gave velocities of —6 and —12km from 4 and 6 lines, 
respectively. The decrease in velocity from No. 1729 to No. 1730 
may be caused by the line complexity in the former. The long and 
short exposure plates 1782 and 1783 show no differences in spec- 
trum and the close agreement of the velocities derived indicates a 
superposition of the component lines in this particular phase. 

TABLE II 


OBSERVATIONS OF THE BRIGHTER STAR 


No. of 


Plate Date Julian Day — Velocity “fae Quality 
km | 

IB 1784 1908 Oct. 9 2418224.722 L + 0.1 6 g. 
| | —1.3 | 7 

Oct. 30 8245.876 | L + 2.3 | 6 g. 
+ 3-3 | 3 

1820 Nov. 2 8248. 783 L,B | + 6.3 | 5 g. 
4 

3175 1912 Nov. 29 9730.625 — 0.3 {| 7 V.g. 
— 3.0 9 

3217 Dec. 27 | 09704.674 L +17.4 5 V.g. 
+17.2 5 

32506 1913 Jan. 24 9792 .502 L — 3.3 8 V.g 
+ 0.3 5 

3206 Feb. 3 g802.515 L + 25.3 8 g 
+ 28.7 5 


The second measure given for each plate is a duplicate made 
recently as a check, and the means may be taken without weighting. 
The region from H, to Hg was used. No real differences in the 
two spectra have been observed. 
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TABLE III 


OBSERVATIONS OF THE FAINTER STAR 


Plate Date Julian Day Faken | Velocity Quality 
km 
IB 1785 1908 Oct. 9 2418224.792 L + 4.0 7 g 
4.0 5 
1810 Oct. 30 8245. 809 — 1.8 6 g. 
5 
1819 Nov. 2 8248.712 L + 5.8 5 g. 
+ 5.4 6 
3170 1912 Nov. 29 9730.0990 7 Vz. 
+22.9 5 
32106 Dec. 27 9704 .603 L + §-7 8 V.g 
T 3-9 3 
3257 1913 Jan. 24 9792.572 L +20.4 6 V.g. 
19.7 5 
3207 Feb. 3 g8o02. 586 L + 4.1 7 g. 
5 


The average exposure time for the brighter star is 75"; for the 
fainter 104™, or 39 per cent longer. Estimates of the relative 
strengths of exposure of the plates, taken pair by pair, show that 
the plates of the fainter star are on an average about 30 per cent 
stronger than those of the brighter star. That is to say, the two 
spectra are of about the same magnitude photographically while 
differing by o.9 of a magnitude visually. This would hardly be 
expected, considering the practical identity of the spectra. The 
data for the separate stars are too meager to justify a statement 
about the period. The chance is more than even that higher dis- 
persion will show components for either or both of these stars and 
two or three prisms should be used in further investigations of 


them. 
OLIVER J. LEE 
YERKES OBSERVATORY 
October 1913 


ON SLIPHER’S SPECTROGRAMS OF THE MAJOR 
PLANETS 
In Nature (79. 42, 1908) Professor P. Lowell has published a 
table of spectra of the major planets, composed by V. M. Slipher 
on the basis of his spectrograms obtained at the Lowell Observatory. 
Two botanists—Beijerinck and Timirjasev—-showed almost 
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at the same time, that among the dark bands in the spectra of 
Uranus and Neptune there is one (between B and C), which coin- 
cides with the most characteristic band of the absorption spectrum 
of chlorophyl. 

In Bulletin No. 42 of the Lowell Observatory Slipher had 
published a longer article on the spectra of the major planets. 
He indicated here that between B and C at A 6670 (mean) there 
is also ‘‘a very broad and very weak” band in the spectra of 
Jupiter and Saturn (p. 237 


@ | | 
Welsbach- 
light 
Sun 


F if CBa 


Slipher’s spectrograms were taken upon plates sensitized with 
dicyanin, pinacyanol, and pinaverdol. Yet photographic plates 
sensitized with dyes have not ordinarily a uniform sensitiveness 
in all parts of the spectrum; their “sensitiveness-spectrum” 
depends upon the absorption spectrum of the dyes employed. 

I have investigated how far the sensitiveness of photographic 
plates is in fact uniform after sensitizing with pinacyanol, pina- 
verdol, dicyanin, homocol (also employed by Slipher), and their 
combinations. I have found that neither any single dye of those 
named, nor their combination, gives a plate of perfectly uniform 
sensitiveness. 

The sensitiveness-spectrum of a plate, sensitized after Slipher’s 
method (with washing in water), may be seen in Fig. 1. This 
figure is composed of a series of spectrograms of the sun taken 
with a gradually increasing exposure. On the lowest spectrogram, 
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taken with a very long exposure (‘over-exposed’’), all the bands 
of the sensitiveness-spectrum have disappeared. 

In Fig. 2 we see the less refrangible half of the spectra only. 
This plate was sensitized like those mentioned above, but the dyes 
were “diluted with equal parts of water and alcohol,” and “rinsed 
in alcohol” according to the other modification of Slipher’s method. 
The three upper spectra are those of the Welsbach-light, the lower— 
taken at the same time —of the sun. The dark band between B 
and C ts here very strong. 


Uranus 


Welsbach- 
light 


It may be thought that I simply have not succeeded in obtain- 
ing plates of so uniform a sensitiveness as did Slipher. But on 
Slipher’s own spectrograms of Mars, and especially of the moon, 
reproduced in ‘The Spectrum of Mars” (Astrophysical Journal, 
28, 1908, Plate XXXVI, Figs. 1 and 2), these minima of sensitive- 
ness are quite clearly visible. 

To show these dark bands strongly the dispersive power of the 
prism employed must be low and the exposure short. Both these 
conditions were present in the case of Slipher’s spectrogram of 
Uranus. 

The comparison of Slipher’s spectrum of Uranus with my spec- 
trograms of the sun and of the Welsbach-light (Fig. 3) makes it 
seem very probable that in Slipher’s case we have a combination 
of the true spectrum of Uranus with the sensitiveness-spectrum 
of the sensitized plate. 

The actual existence in the spectrum of Uranus of the band 
between B and C is therefore subject to doubt until it is confirmed 


by other methods. 
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Consequently there is at present no solid ground for the 
comparison of the spectrum of Uranus with the spectrum of 
chlorophyl, the presence of which in the major planets is very 
improbable. 

V. ARCICHOVSKIJ 

NovoCERK ASSK 

June 2, 1913 
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them concerning the mechanism by which the spermatozoon 
induces development. Since the problem of fertilization is in- 
timately connected with so many different problems of physi- 
ology and pathology, the bearing of the facts recorded and 
discussed in the book goes beyond the special problem indicated 
by the title. 


The Mechanistic Conception of Life. Biological Essays by Jacques 

Loeb, Member of the Rockefeller Institute for Medical Research. 

238 pages, 12mo, cloth; $1.50, postpaid $1.65 

The achievements of Professor Jacques Loeb in the field of 
experimental biology insure any book of his a wide reading. 
His experimental work at the universities of Chicago and Cali- 
fornia, as well as in his present position, gives this volume an 
especial significance. Professor Loeb here presents many of the 
current problems in biology, and discusses the question whether 
the phenomena of life can be unequivocally explained in physico- 
chemical terms. 


Johns Hopkins Hospital Bulletin. Jl eager to know more of the origin of 
life will find no modern book of its size nearly so instructive or inspiring. 


A Manual for Writers. By John M. Manly, Head of the Depart- 
ment of English in the University of Chicago, and John A. 
Powell, of the University of Chicago Press. 

226 pages, 12mo, cloth; $1.25, postpaid $1.35 
A book designed to aid authors and all others who are 
concerned with the writing of English. It aims to answer the 
practical questions that constantly arise in the preparation of 
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manuscripts for the printer, business letters, and any sort of 
composition where correctness of form is an important element. 

It treats in a clear and convenient way the matters of 
grammar, spelling, and general form which writers need most 
to be informed about, and gives full directions on the preparation 
of “copy” for the printer and the correcting of proof. The 
chapter on letter-writing is unique and of especial value in its 
practical suggestions. 


C. E. Raymond, Vice-President of the J. Walter Thompson Co. It 
seems to me to be the most comprehensive and comprehensible of 
any of the works on this subject which I have had the pleasure of 
seeing. 


The Elements of Debating: A Manual for Use in High Schools 
and Academies. By Leverett S. Lyon, of the Joliet High 
School. 

148 pages, 12mo, cloth; $1.00, postpaid $1.07 

The aim of the book is to put the well-established principles 
of the art of debating within the reach of young students. It 
therefore presents the elements of public speaking so freed from 
technicality that the student may assimilate them in the shortest 
possible time and with the least possible interpretation by the 
teacher. 

The book consists of ten chapters and a number of appen- 
dices. Each chapter is preceded by an analysis of the subject 
and followed by a series of suggested exercises. The whole 
subject is treated in a direct, practical way with the greatest 
possible clearness, and with illustrations drawn from subjects 
familiar and interesting to high-school boys. It is entirely 
modern in that it lays stress on efficiency, rather than on theo- 
retical perfection. Illustrations are given from some of the most 
effective arguments ever written, and a list of suggested topics 
is added in an appendix. 


London in English Literature. By Percy Holmes Boynton, Assistant 
Professor of English Literature in the University of Chicago. 
358 pages, 8vo, cloth; $2.00, postpaid $2.17 


This volume differs from all other volumes on London in 
that it gives a consecutive illustrated account of London not from 
the point of view of the antiquarian but from that of the inquiring 
student of English literary history. 

It deals with ten consecutive periods, characterized in turn 
by the work and spirit of Chaucer, Shakespeare, Milton, Dryden, 
Addison, Johnson, Lamb, Dickens, and by the qualities of Vic- 
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torian and contemporary London. The emphasis is thus dis- 
tributed over history and given largely to the richer and more 
recent literary periods. The temper of each epoch is discussed, 
and then in particular those literary works which are intimately 
related to certain localities in London. 

The work contains four maps and forty-three other illustra- 
tions, selected from the best of a great fund of material. As 
further aids to the student or the general reader, the sources of 
all material are indicated by footnotes and lists of illustrative 
reading are appended to each chapter. There are also an 
appendix with detailed references to illustrative novels, and a 
carefully compiled index. 

The Springfield Republican. It would seem as if Mr. Boynton’s book 
would make strong appeal to everybody who has been in London, and 


a good many more who would like to go there; .... he has caught 
its spirit and presented it here. 


Social Programmes in the West. (The Barrows Lectures.) By 
Charles Richmond Henderson, Head of the Department of 
Practical Sociology in the University of Chicago. 

212 pages, 8vo, cloth; $1.25, postpaid $1.38 
The Barrows Lectures (1912-13) delivered with so much 
success in the Far East by Professor Henderson are included 
in this volume, which is also published in India by the Macmillan 

Company. The subjects of the lectures are as follows: ‘‘ Founda- 

tions of Social Programmes in Economic Facts and in Social 

Ideals,” ‘‘ Public and Private Relief of Dependents and Abnor- 

mals,” “Policy of the Western World in Relation to the Anti- 

Social,’’ “‘ Public Health, Education, and Morality,” ‘‘ Movements 

to Improve the Economic and Cultural Situation of Wage- 

Earners,” and “Providing for Progress.”’ The author, in his 

preface, says that “the necessity of selecting elements from the 

social activities of Europe and America which might have value 

in the Orient under widely different conditions, compelled a 

consideration of the materials from a new point of view.” The 

introduction includes, besides a syllabus of the six lectures, the 

Letter of Commission from the officers of the three great inter- 

national associations for labor legislation, asking the lecturer to 

present their aims wherever it was possible in India, China, and 

Japan. There is also included a statement by Professor E. Fuster, 

of Paris, of the aims of the international associations on social 

legislation. 

Boston Transcript. The lectures will be of value to American readers in 
that they concisely place before them the social problem in its most 
fundamental aspects. 
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Christian Faith for Men of Today. By E. Albert Cook, Professor 
of Systematic Theology in the Congregational College of 
Canada. 

276 pages, 12mo, cloth; $1.25, postpaid $1.35 


This volume contains a clear and reasonable interpretation 
of life from the Christian point of view, and some definite formu- 
lation of those beliefs that have proved most effectual in the 
development of individual character and in the promotion of the 
welfare of society. Professor Cook believes that Christianity 
is the religion which best meets the needs of all races and classes. 
The convenient arrangement of the material in numbered para- 
graphs, the valuable appendices, and the general systematic 
treatment of the subject commend the book as a popular text 
for college men and women, and for adult classes and clubs as 
well as for general reading. 


Watchman. It is written for those who feel the currents of thought of 
this age and have conceptions framed by science, sociology, and history, 
and need something more acceptable to their reason than current 
traditional conceptions. The treatment of the Scriptures is reverent 
but free, and does not disturb faith, but resets it according to modern 
conceptions. 


Materials for the Study of Elementary Economics. By Leon 
Carroll Marshall, Chester Whitney Wright, and James Alfred 
Field, of the Department of Political Economy in the University 
of Chicago. 

946 pages, 8vo, cloth; $2.75, postpaid $3.00 
Special Library Edition, postpaid $4.80 
This volume of nearly a thousand pages is intended to supply 
to students of elementary economics a collection of readings, 
illustrating the working of economic principles in actual life. 

The material is drawn from the most various sources—books, 

magazines, newspapers, commission reports, court decisions, 

corporation charters, government circulars, etc. The selections 
have been carefully edited, so as to eliminate unsuitable material 
and present the documents in the most usable form. 

The volume, which is intended to be used in connection 
with any standard text, has already been adopted by many of 
the leading institutions of the country. 


Professor John Bauer, Cornell University. It ought to have a large demand 
from all classes of institutions. 


Professor Charles C. Arbuthnot, Western Reserve University. Materials for 
the Study of Elementary Economics is altogether the most promising 
collection of illustrative material I have ever seen. 
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My Life. By August Bebel. (With a Portrait.) An Autobiog- 
raphy of the Famous Leader of the Social Democratic Party 
in Germany. 


344 pages, 8vo, cloth; $2.00, postpaid $2.14 


This autobiography contains the story, from the inside, of the 
rise of the German trades-unions, and throws many interesting 
sidelights on the politics of Bismarck and Lassalle. Up to 
the time of his death in August, 1913, Bebel was the molding 
influence of the Social Democratic party, which is, even under 
the restricted franchise, a power in the German state. Bebel 
gives a vivid description of the poverty of his early life and of 
his wanderings as a craftsman in search of work all through 
Germany—the Germany before the wars of 1864, 1866, and 
1870-71, and before the Unification. Soon after his election to 
the Reichstag he was convicted of high treason for the expression 
of his views on the Franco-German War and had to spend some 
years in prison. The international reputation of the author, the 
extreme frankness with which he writes, and the striking suc- 
cesses of the movement with which he is identified make this a 
human document of remarkable interest and significance. 


The Nation. He is a rare narrator..... He humanizes a great cause, 
and by so doing makes it intelligible, and perhaps even appealing, to 
thousands who would otherwise pass by on the other side. 


Francesco Petrarca and the Revolution of Cola di Rienzo. A Study 
in the History of Rome during the Middle Ages. By Mario 
Emilio Cosenza, Instructor in Latin in the College of the City 
of New York. 


335 pages, 12mo, cloth; $1.50, postpaid $1.60 


In these pages the author draws a picture of Petrarch as a 
statesman, believing that even if Petrarch had never written a 
sonnet in praise of Laura he would still be dear to many genera- 
tions of Italians for having been the first real Italian patriot—a 
man who was not bounded by narrow partisanship but who 
through a long and active life was wholly devoted to the cause of 
a unified Italy. Dr. Cosenza has chosen for special treatment 
Petrarch’s relations with Cola di Rienzo, because they constitute 
a story that is virtually a chapter in the history of Rome during 
the Middle Ages. The material of the present volume is drawn 
chiefly from Petrarch’s letters, from the extremely important 
correspondence of Cola di Rienzo, and from the equally important 
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archives of the Roman church. Nearly all this material is new 
to the English language. The notes are detailed enough to make 
clear Petrarch’s many allusions. The book is written with the 
charm of a vital scholarship and with intimate feeling for its 
subject, and the incidents connected with the lives of the two 
great Italians who lived centuries in advance of their times have a 
remarkable variety and interest. 


Boston Evening Transcript. As we read these extracts from the letters of 
Petrarca, and the scholarly notes that accompany them, we are con- 
vinced that, whatever the opinion of the papal court, Petrarca was a 
great statesman. 


American Poems. Selected and Edited with Illustrative and Ex- 
planatory Notes and a Bibliography. By Walter C. Bronson, 
Litt.D., Professor of English Literature in Brown University. 

680 pages, 12mo, cloth; $1.50, postpaid $1 .68 


The book offers a most carefully chosen and well-balanced 
presentation of the poetic works of Americans, covering the 
entire period of our history. For the teacher as well as the 
student the value of the work is greatly enhanced by the com- 
prehensive Notes, Bibliography, and Indices. It is believed that 
the book will have the wide popularity of Professor Bronson’s 
earlier collection, English Poems, which has been adopted by 
all leading American colleges. 


The Dial. The resources of the special collections of Brown University 
have supplied the editor with the best authorities for accurate texts, 
and have made possible the widest range of selections. 


Education. Professor Bronson has done a real service to teachers and 
students of literature. .... It is a truly adequate presentation of 
American poetry. 


The Courts, the Constitution, and Parties. Studies in Constitu- 
tional History and Politics. By Andrew C. McLaughlin, 
Professor of History in the University of Chicago. 

308 pages, 12mo, cloth; $1.50, postpaid $1.63 


A volume of peculiar interest at this time, when the courts 
and political parties are subject to general criticism. The dis- 
cussion is especially significant as coming from a lifelong student 
of constitutional questions, whose work at the University of 
Michigan, the Carnegie Institution of Washington, and the Uni- 
versity of Chicago is so widely known. The point of view is 
historical. Though the articles are scientific they are intended 
for the reader who is interested in public affairs rather than for 
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the professional student. The work consists of five papers, the 
first of which discusses the power of a court to declare a law 
unconstitutional. Two of the papers deal with the growth and 
essential character of political parties, and are followed by one 
on the history of differing theories of the federal Union. The 
work concludes with a discussion of the written constitution in 
some of its historical aspects, taking up the origin of these docu- 
ments and the problems of their maintenance and interpretation 
in the development of the modern popular state. 


Harvard Law Review. To the reviewer the two papers first mentioned seem 
to be contributions of great and permanent value to the discussion of 
their topic. .... The style of these essays is easy and delightful and 
their argument sane, thoughtful, and persuasive. 


Political Science Quarterly. Professor McLaughlin, in this most important 
essay under review, has surveyed the field anew, and with rare appre- 
ciation of the purport and the weight of evidence has contributed a 
judgment which may well be regarded as definitive. 


Heredity and Eugenics. By John M. Coulter, William E. Castle, 
Edward M. East, William L. Tower, and Charles B. Davenport. 


312 pages, 8vo, cloth; $2.50, postpaid $2.70 


Leading investigators, representing the University of Chicago, 
Harvard University, and the Carnegie Institution of Washington, 
have contributed to this work. Great care has been taken by 
each contributor to make clear to the general reader the present 
position of evolution; the results of experiments in heredity in 
connection with both plants and animals; and the enormous 
value of the practical application of these laws in breeding and in 
human eugenics. The volume is profusely illustrated. 


British Medical Journal. Those who are desirous of arriving at an estimate 
of the present state of knowledge in all that concerns the science of 
genetics, the nature of the experimental work now being done in its 
various departments, . . . . and the prospects, immediate or remote, 
of important practical applications, cannot do better than study 
Heredity and Eugenics. 
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PUBLICATIONS OF THE CAMBRIDGE 
UNIVERSITY PRESS 


T= University of Chicago Press has become the American 
agent for the scientific journals and the following books 
issued by the Cambridge University Press of England: 


BOOKS 


The Life and Correspondence of Philip Yorke, Earl of Hardwicke, 
Lord High Chancellor of Great Britain. By Philip C. Yorke, 
M. A. Oxon., Licencié-és-Lettres of the University of Paris. 
Royal 8vo. Three Vols., with six illustrations. Vol. I, pp. 702; Vol. II, pp. 606; 
Vol. III, pp. 662. Price $13.50, postpaid $14.22 
This solid and significant work is based on the Hardwicke 
and Newcastle manuscripts and, in addition to the life of Lord 

Hardwicke, gives the whole history of the Georgian period from 

1720 to 1764. Anaccount of the great judge’s work in the King’s 

Bench and in Chancery is included. The characters and careers 

of Walpole, Newcastle, Henry Pelham, the elder Pitt, Henry 

Fox, the Duke of Cumberland, George II, and George III and 

various incidents—such as the fall of Walpole, the Byng catas- 

trophe, and the struggle between George III and the Whigs— 
appear in a clearer light, which the author, by aid of original 
papers and manuscripts, has been enabled to throw upon them. 

These documents are now published, or brought together and 

annotated, for the first time. 

The North American Review. It corrects errors of previous ill-informed or 
prejudiced biographers of Lord Hardwicke, and presents an apparently 
just portrait of a really eminent man, together with a wealth of his- 
torical information. 


The Genus Iris. By William Rickatson Dykes. With Forty- 

eight Colored Plates and Thirty Line Drawings in the Text. 

254 pages, demi folio, half morocco; $37.50, postpaid $38. 36 

This elaborate and artistic volume brings together the avail- 
able information on all the known species of Iris. The account 
of each includes references to it in botanical literature and a 
full description of the plant, together with observations on its 
peculiarities, its position in the genus, its value as a garden 
plant, and its cultivation. As far as possible the account of the 
distribution of each species is based on the results of research in 
the herbaria of Kew, the British Museum, the Botanic Gardens 
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of Oxford, Cambridge, Berlin, Paris, Vienna, and St. Petersburg, 
and the United States National Museum at Washington. 

The most striking feature of the book is the forty-eight life- 
size colored plates, reproduced from originals drawn from living 
plants—making it a volume of great beauty as well as of scientific 
importance. 

The American Florist. Lovers of irises owe a huge debt of gratitude to 

William Rickatson Dykes, who after years of labor has produced a 


magnificent work on these plants... . . Mr. Dykes combines the 
scientist’s analytical skill with all the grower’s enthusiasm. 


The Florists’ Review. If anything else could be added to the book that 
would really increase its beauty or its scientific value or its practical 
utility, the present reviewer is curious to know what that addition 
could be. 


Byzantine and Romanesque Architecture. By Thomas Graham 
Jackson, R.A. Two Volumes, with 165 Plates and 148 
Illustrations. 


Vols. I and II, each 294 pages, crown quarto, half vellum; two vols. $13.50, 
postpaid, $13.25 

This work contains an account of the development in Eastern 
and Western Europe of Post-Roman architecture from the fourth 
to the twelfth century. It attempts not merely to describe the 
architecture, but to explain it by the social and political history 
of the time. The description of the churches of Constantinople 
and Salonica, which have a special interest at this time, is fol- 
lowed by an account of Italo-Byzantine work at Ravenna and in 
the Exarchate, and of the Romanesque styles of Germany, 
France, and England. Most of the illustrations are from 
drawings by either the author or his son, and add great artistic 
value to the volumes. 


The Nation. The two volumes must surely take their place among the 
standard classics of every architectural library. 


The Duab of Turkestan. A Physiographic Sketch and Account of 
Some Travels. By W. Rickmer Rickmers. With 207 Maps, 
Diagrams, and Other Illustrations. 

580 pages, royal 8vo, cloth; $9.00, postpaid $9.44 

A record of exploration of a little-known region, combined 
with some elementary physiography. ‘The book discusses the 
various geographical elements in the natural organic system of 
the Duab of Turkestan (or Land between the Two Rivers) 
between the Oxus and the Jaxartes, the information being strung 
on the thread of a highly interesting story of travel and mountain 
exploration. The author was at great pains to obtain typical 
views of physical features such as mountains, valleys, and glaciers, 
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and also of vegetation, village life, and architecture; and there 
are many diagrams for a clearer understanding of the text. 

The book is especially suitable for colleges, libraries, and 
schools, and for all students or teachers of physical geography 
and natural science. 


The Journal of Geography. The author’s delicate touches of humor, his 
picturesque language in description, and his knowledge of physiography 
and climatology, . . . . all contribute materially to the excellence of 
the book. Much attention is given to physiographic processes and 
features, but the splendid half-tones tell the story better than words. 


JOURNALS 


Biometrika. A journal for the statistical study of biological problems. 
Edited by Kart Prarson. Subscription price, $7.50 a volume; 
single copies, $2.50. 

Parasitology. Edited by G. H. F. Nutratt and A. E. Surprey. Sub- 
scription price, $7.50 a volume; single copies, $2.50. 

Journal of Genetics. Edited by W. Bateson and R. C. Punnett. Sub- 
scription price, $7.50 a volume; single copies, $2.50. 

The Journal of Hygiene. Edited by G. H. F. Nurratt. Subscription 
price, $5.25 a volume; single copies, $1.75. 

The Modern Language Review. Edited by J. G. Ropertson, G. C. 
Macavtay, and H. OELtsNER. Subscription price, $3.00 a volume; 
single copies, $1.00. 

The British Journal of Psychology. Edited by W. H. R. Rivers and 
C.S. Myers. Subscription price, $3.75 a volume. 

The Journal of Agricultural Science. Edited by Proressor R. H. BIFFEN, 
A. D. Hatt, and Proressor T. B. Woop. Subscription price, $3.75 
a volume; single copies, $1.25. 

The Biochemical Journal. Edited for the Biochemical Society by 
W. M. Bayuiss and ArTHUR HARDEN. Subscription price, $5.25 a 
volume. 

The Journal of Ecology. Edited for the British Ecological Society by 
Frank Cavers. Subscription price, $3.75 a volume; single copies, 
$1.25. 

Note.—Prices on back volumes vary, and postage from London is 
charged on back volumes and single copies. 
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- THE SUMMER QUARTER 
FOR 1914 


The Calendar for 1914.—It is expected that the Summer Quarter will begin 
Monday, June 15, and end Friday, August 28, the Autumn Convocation being held 
on : om - eee of that day. For further particulars see bulletin which will appear 
in March. 


Limitation of Work, etc.—The student is limited to three minor courses for 
each term, or to three major courses for both terms. In special cases permission 
may be obtained from the deans to pursue an additional course, for which, in the 
case of undergraduate students, a supplementary fee must be paid. Graduate 
and Law students are given larger privileges, and students in the College of Edu- 
cation may add one of the arts without additional fee. 


College Study.—The Summer Quarter is an integral part of the college year. 
Courses taken may be counted toward the Bachelor’s degree as in any other quarter. 
The Summer Quarter may thus be used to supplement work in the other three 
quarters, and so reduce the ordinary four years’ course to three; it may replace 
one of the other quarters taken as vacation; or a sufficient number of summer 
quarters may satisfy all the requirements for the degree. Members of the regular 
teaching staff in every department are in residence. Required courses are regular 
given, and elective courses are repeated more or less frequently, according to peace | 


Graduate Study.—College professors and school teachers, clergymen, and mem- 
bers of other professions, holding Bachelor’s degrees from accepted colleges, may 
avail themselves of the facilities of the University to pursue advanced studies under 
the guidance of research professors in all the chief departments of investigation. 


Biblical and Theological Study.—The Divinity School offers to professors of 
theology, to theological students, to ministers, to religious workers, and to others 
interested in biblical and theological study, introductory and advanced courses in 
all its departments. 


; Professional Courses in Law.—Students beginning the study of law, those 
in the midst of their professional studies at Chicago or elsewhere, and practicing 
lawyers are offered work of a thorough and systematic character. 


Courses in Medicine.—College Seniors planning to study medicine, students 
in medical schools, and practitioners will find the summer course in medicine admir- 
ably adapted to their needs. The Summer Quarter is of especial value to students 
who need to review and to make up work. 


Educational Principles and Methods.—The courses of all departments have 
a bearing upon the work of teaching, but the courses of the College of Education 
are peculiarly adapted to the professional needs of teachers, in both primary and 
secondary schools. The work in the various shops affords unusually complete 
instruction in the industrial arts and crafts. 


Public Lectures.—A series of public lectures, concerts, and other forms of 
entertainment is scheduled throughout the Summer Quarter, and affords oppor- 
tunity to students to hear speakers of eminence and artists of distinction. 


Chicago in Summer.—An agreeable summer temperature, spacious parks, 
notable libraries and museums, great industrial plants, typical foreign colonies, a 
number of Settlements, and other significant social institutions make Chicago a 
peculiarly appropriate center for study and investigation. 


For full information address 


THE UNIVERSITY OF CHICAGO 
CHICAGO, ILLINOIS 
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“I hear it called — 
machine with the human-brain; 
|callitThe machine 


easy-writing 
qualities, long 
wear, and ability 
to hold a large quan- 
tity of ink, are some 
of the things that 
have helped to make 
Esterbrook’s Jackson 
Stub No, 442 the most 
popular of all stub 
pens. 

Write for tlustrated booklet, 
Esterbrook Pen Mfg. Co. 
New York Camden, N.J. 


Adding and Subtracting 
ew ritesr 


(Wahl Adding Mecnanism) 
This machine does something that only the 
hpain, directing the hand, has hitherto been able 
is, wrtle and add (or subtract) on the 


Bat th this is not all, It does such work mre 
cily, m re rapialy, and more accurately than the 
fun an brain has ever performed similar labor. 
Thus the machine is uman in what it does 
qnd super-human in the way it does it. 
Tliustrated bocklet sent on reques! 
Remington Typewsiter Company 
(Inc t 
325-331 Broadway, New York 
Branches Everywhere 


Right Here is Your Chance 


To Buy That Typewriter 
AT LESS THAN WHOLESALE 


The Fox Typewriter is a beautifully finished, high grade, 
Visible writer, with a light touch ahd easy action and ex- 
treme durability. It has a tabulator, back spacer, two- 
color ribbon, stencil cutter, card holder, interchangeable 
platens and carriages, is fully automatic, and is sent out 
complete with fine metal cover and hardwood base. 

If our typewriter does not suit you after a ten days’ free 
trial of it, send it back at our expense. If you wish to 
buy it after trial you can pay us a little down and the 
balance monthly or in all — just as you prefer. There 


is no “red tape” tied to this offer, and it is open to any responsible person in the United States. 
Big Values in _Slightly Used Typewriters 


Add $50 Monthly to Your Income—Be Our Local Agent 


We are making a special offer on a lot of Fox Visible ponuiinee Hiss that ape been very slightly as Soe ous demonstra- 
purposes. are not second-hand nor rebuil Se anyone. Low price— 
easy payment terms—ten days’ trial. Write for full ulars. 


Use the Coupon 
FROM U. OF C. P. FOR DECEMBER 


Fox Typewriter Company | mn. 


4112-4142 Front Ave., GRAND RAPIDS, MICH. | Address _ 
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Use the Microscope in Your 
Science 

Visual microscopic demonstration most effectively 

supplements book presentation, particularly if the 

subject be botany, physiology, or zodlogy. The 


microscope awakens dormant interest and stimu- 
lates a keen zest for these studies. 


Microscopes 


are used by leading educational institutions because 
of broad utility, optical efficiency, and mechanical 
precision. In these—the essentials of a good micro- 
e—the Bausch and Lomb instrument is most 
highly perfected as a result of our sixty years of 
intensive experience as optical manufacturers. 
use. Price $31.50. Special prices made to educational 


institutions. Many other models are described in our 
on School Equipment, sent free upon request. 


Bausch lomb Optical ©. 
412 $T. PAUL STREET ROCHESTER, N.Y. 
Ne York Chicago Washington San 


FINE INKS ADHESIVES 
For those who KNOW 


Eternal Writing ink 
Engrossing Ink 
Taurine Mucilage 
Photo Mounter Paste 

Board Paste 
aste 


( Drawing Inks 


Higgins’ 


| Drawin 


Pas 
Vegetable tine, Btc. 
Are the Finest and Best Inks and Adhesives 


Emancipate yourself from the use of corrosive and 
ill-smeliing inks and adhesives and adopt the Mig- 
gins tnks and Adhesives. ‘lhey will be a 
revelation to you, they are so sweet, clean, well 
put up, and witha! so efficien:. 


» At Dealers Generally 


CHAS. M. HIGGINS & CO., Mfrs. 
Branches: Chicago, London 

271 Ninth Street Brooklyn, N, Y. 

I 


AMUSEMENT 
AND 


EDUCATIONAL 
PURPOSES 


RIGINAL and exclusive Lantern Slides— 

made from negatives by our own F errs 
rapher, The largest collection in the World— 
covering all places of interest. 

Over 150,000 Subjects to select from— Slides 
for Home, Church, School, Lecture Hall or Insti- 
—co art, travel, hi , science every 

— of Slides and Projection Apparatus 
mailed upon request. Address Dept. G. 
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